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Trees in four lodgepole pine seed orchards and a provenance trial have been severely 
damaged by pitch moth larvae at the Prince George Tree Improvement Station (PGTIS) in 
recent years. Pitch moths can significantly weaken these trees, resulting in breakage or 
reduced cone yield, prompting the need for a management strategy. Field trials were carried 
out to determine which species of pitch moth were present, and gain insight into their biology, 
including responses to synthetic pheromones, association with disease, and factors affecting 
tree susceptibility to pitch moth. The purpose was to Jay the groundwork for future cultural or 
pheromone-based management strategies. 
Results from emergence traps, pheromone-baited traps , and damage surveys indicated 
the two spec ies of pitch moth present at the PGTIS were the Douglas-fir pitch moth 
(Synanthedon novaroensis), and the western pine moth (Dioryctria cambiicola). The former is 
more abundant in the seed orchards (22.5 % and 1.4 %of trees were attacked by Douglas-fir 
pitch moth and western pine moth, respectively), and the latter more abundant in the 
provenance trial (17.5% and 26.4 %, respectively). Pheromone-based trapping confirmed the 
generic clearwing moth pheromone (Z,Z)-3,13-octadecadienyl acetate to be attractive to 
Douglas-fir pitch moth males. Based on the catches of 35 males, the flight period of this 
species in 1996 was June 20 to Aug. 6. The flight period of western pine moth in 1995 was 
July 12 to Sept. 23, based on the capture of 31 moths in emergence cages. In the seed orchard 
and provenance trial , several tree factors were identified that related to pitch moth incidence, 
and which cou ld be used in a management strategy. Both pitch moths generally occurred in 
association with cankers of stalactiform blister rust (P < 0.05). Orchard surveys indicated that 
Ill 
clone, tree size, tree location, and presence of previous attack all significantly contributed to 
the likelihood of a tree being attacked by Douglas-fir pitch moth (P < 0.05) , while subjective 
measurements of tree vigour did not (P > 0.05). Likelihood of pitch moth attack was 
positively related to tree size and presence of previous attack. Primary resin volume did not 
explain differences in clonal susceptibility to Douglas-fir pitch moth, although there were 
some significant differences between individual clones. 
My results indicated that management of pitch moths in the PGTIS seed orchards can 
be focussed on Douglas-fir pitch moth . Therefore, pheromone-based management techniques 
may be feasible for this species, but additional research is needed to determine optimal 
parameters for the use of pheromones. Management aimed at minimizing the incidence of 
stem rusts would be beneficial, as well as the reduction or elimination of susceptible clones 
from the orchards. 
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Preface 
The following thesi s is a study of phloem-boring pitch moths at the Prince George 
Tree Improvement Station . The original focus of thi s project was to establi sh a pheromone-
based monitoring technique for the eventual testing of pitch moth management using synthetic 
pheromones. Based on previous information given by the PGTIS managers and a previous 
publication (Wu et al. 1996), I assumed that the pitch moth species present was sequoia pitch 
moth , Synanthedon sequoiae. However, preliminary pheromone-dose and trap-type 
experiments carried out during the first field season indicated that sequoia pitch moth was not 
present and that other species were causing the damage to the pine trees. Therefore, it became 
necessary to determine the species of pitch moth present at the PGTIS , and to in vestigate their 
relative distribution and abundance. Since pheromones tend to be species specific, 
pheromone-based management is often difficult for species complexes. Therefore, I also 
investigated factors affecting susceptibility of trees to these insects . The overall objective of 
my research was to identify key biological relationshi ps upon which effective man agement 
strategies could be based. 
Chapter one provides the background information for the study, which includes the 
rationale behind the study, a literature review of the biology of the insects, and a description 
of the study site. The objectives of chapter two were: (1) to determine which species of pitch 
moth were present at the PGTIS , and the ir respecti ve f li ght peri odi c ity, di stributi on, and 
relative abundance in four lodgepole pine seed orch ards, and (2) to determine the field 
longevity of the synthetic sesiid pheromones (Z,Z)-3, 13-octadecadienol-1-ol and (Z,Z)-3 , 13-
Xll 
octadecadienyl acetate, their ability to attract Synanthedon sequoiae and S. novaroensis, 
respectively, and optimum pheromone dose and trap type. The objectives of chapter three 
were : (I) to determine the distribution and abundance of pitch moths and stem rust and canker 
in a lodgepole pine provenance trial at the PGTIS , and (2) determine if pitch moth damage 
occurs in association with the diseases . The objective of chapter four was to determine the 
factors affecting tree susceptibility to pitch moth attack at the PGTIS , including clonal 
differences, tree size, tree vigour, presence of previous attack, and spatial effects. The 
objective of chapter five was to determine if quantity of tree resin was contributing to 
differences in susceptibility among clones. Implication s from this study for future pitch moth 
management are outlined in a conclusion. 
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Chapter 1: Background and Literature Review 
I ntroduc tio n 
In British Columbia, over the last two to three decades, there has been an increased 
demand for wood production on a diminishing land base, and a shift in tree-regeneration 
methods from natural to artificial (Anonymous 1985). In order to meet these demands , 
intensive forest management and silviculture techniques are being developed. One of these is 
the practice of tree improvement to produce genetically-superior trees that grow faster and are 
of higher quality (Anonymous 1985). The Prince George Tree Improvement Station (PGTIS) 
was established in 1973 to facilitate research on this topic, and provide genetically-improved 
seed for several seed planning zones in central B.C. , including Central Plateau, Finlay, 
Cariboo Transition, McGregor, Quesnel Lakes, and Bulkley (Fig. 1.1 ) . The station consists, in 
part, of several lodgepole pine (Pinus contorta var. /otifolia Engelm.) seed orchards , as well 
as a provenance trial of lodgepole pine from throughout its range. 
Over the last few years pitch moths have become a significant problem in the station 
seed orchards (C. Fleetham, pers. comm. , Station Manager, PGTIS). Although pitch moths do 
not usually directly kill trees, damage resulting from larval feeding weakens the stem over 
time, and leads to an increased chance of breakage in high winds. Due to the breeding history 
of each orchard tree and their intensive management at the station , every tree is of high value, 
and the current level of damage is unacceptable. There was some uncertainty as to which 
insects were causing the damage, but the PGTIS personnel originally thought it was primarily 
the sequoia pitch moth (Synanthedon sequoiae Hy. Edwards) (Lepidoptera: Sesiidae) and/or 
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Figure 1.1 Interior spruce and lodgepole pine seed-planning zones for British Columbia 
(reproduced with permission from B.C. Forest Service 1995). 
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the western pine moth (Dioryctria cambiicola Dyar) (Lep idoptera: Pyralidae) (C. Fleetham, 
pers . comm., Wu et al. 1996). These species, along with the Douglas-fir pitch moth (S. 
novaroensis Hy. Edwards) (Lepidoptera: Sesiidae) are the most economically important pitch 
moths in British Columbia and Alberta (Ives and Wong 1988, Duncan 1996). A fourth 
species, the northern pitch twig moth (Petrova albicapitana Busck), bores into twigs and 
shoots on the trees at the station. However, the resulting pitch nodules of thi s spec ies do not 
resemble the pitch masses of the other three pitch moths, and do not cause significant damage. 
Sesiid Moths 
Pitch moths occur in several families of Lepidoptera, and several spec ies are c learwing 
moths of the family Sesiidae. Moths of this family are charac teri zed by their transparent , 
largely unsealed wings , and they usually resemble bees or wasps (Furniss and Carolin 1977). 
Sesiids are distributed worldwide and comprise approximately 170 genera and 1000 described 
species (Duckworth and Eichlin 1977). The moths are diurnal, usually don't live more than a 
week, and in many cases feed on flower nectar (Duckworth and Eichlin 1978). Adult female 
sesiids begin "calling" (re leas ing sex pheromone) soon after emergence; often prior to flying 
activity (Duckworth and Eichlin 1978). Sex pheromones are substances released by female 
moths to attract males of the same species for mating purposes (Gullan and Cranston 1994). 
Although pheromones have not yet been isolated from ovipositors of the Douglas-fir or 
sequoia pitch moths , the compound (Z,Z)-3, 13-octadecad ienyl acetate was found to be 
attractive to male Douglas-fir pitch moths (Eichlin and Duckworth 1988, Johnson 1993) , and 
the corresponding alcohol was found to be the most effective trap bait for male sequoia pitch 
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moths (Nielsen et al. 1978). Male sesiids are relatively active flyers, and can detect 
pheromone from a di stance of at least 0.8 km (Nielsen 1 978). The Sesiidae are often pests of 
forests, orchards, and orn amental trees , and bore into the trun ks, bark , roots, branches and 
canes of many spec ies of herbaceous and woody pl ants (Duckworth and Eichlin 1978). 
Synanthedon is a wood-boring genus that includes the most important conifer-boring pitch 
moth species, the sequoia pitch moth , the Douglas-fir pitch moth, and the eastern pitch mass 
borer, S. pini (Duckworth and Eichlin 1977). 
Synanthedon Species 
The life cycle of the Douglas-fir pitch moth has been reported to take two (Eichlin and 
Duckworth 1988) to three years (Brunner 1915). Adults can emerge between March and 
September, but emergence peaks in June and July (Duckworth and Eichlin 1978), when 
temperature is increas ing and relative humidity is dec reas ing. Flight acti vity occurs most often 
at mid-day (Johnson 1993). These environmental cond itions are optimum fo r the spread of the 
sex pheromone (Johnson 1993). 
The adult is black with orange bands on the dorsal abdomen, and wholly orange on the 
ventral abdomen. The abdomen has a posterior fan- shaped tuft , that is al so black above and 
orange beneath (Engelhardt 1946). Both fo re and hi ndw ings are transparent. Wingspans of the 
male and female are 24-30 mm and 30-34 mm , respectively; male body size is approximately 
one-third that of the female's (Brunner 1915, Engelhardt 1946). 
After mating, the female lays 30-40 small, brown eggs singly on the bark of trees, 
often on the edge of a wound or on a perfectly smooth spot (Brunner 1915). Female moths 
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have been observed flying up and down the trunk of host trees, presumably searching for an 
appropriate oviposition site (Brunner 19 15). 
The larvae hatch in about two weeks, and immediately tunnel under the bark, where 
they mine horizontally and feed on phloem for two to three years (Brunner 1915, Ives and 
Wong 1988). Tree-resin flow induced by larval feeding causes the formation of masses of 
pitch , which become larger and harden as the larvae grow. The larvae are white with brown 
heads, and are about 25 mm long at maturity (lves and Wong 1988). In the spring, the mature 
larvae pupate within silk-lined tunnels in the pitch masses (Duckworth and Eichlin 1978). 
Pupation lasts 30 days, during which time the pupa uses its spines to move around in the 
tunnel (Ives and Wong 1988). Just prior to emergence, the pupa forces half of its length 
outside the pitch mass, enabling the moth to emerge free of pitch (B runner 1915, Duckworth 
and Eichlin 1978, Johnson 1993). 
The life cycle and appearance of the sequoia pitch moth is similar to that of the 
Douglas-fir pitch moth (Furniss and Carolin 1977, Ives and Wong 1988). The adult sequoia 
pitch moth is black with yellow bands and markings. Females are about 16 mm long, which is 
slightly smaller than the male, with a wingspan of 18-30 mm (Duncan 1996). The life cycle of 
the sequoia pitch moth reportedly takes two years (Brunner 1915, Engelhardt 1946, Eichlin 
and Duckworth 1988), although a one-year cycle was observed in Washington (Campbell and 
Barstow 1975). 
Both pitch moths have numerous coniferous hosts. As well as lodgepole pine, recorded 
hosts of Douglas-fir pitch moth include: Engelmann spruce (Picea engelmannii Parry) , white 
spruce (P. glauca Moench), Sitka spruce (P. sitchensis Bong. ), western white pine (Pinus 
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monticola Dougl.), ponderosa pine (P. ponderosa Doug!.), Douglas-fir (Pseudotsuga manses 
Mira. ), and larch (Lairise occidentalise Nett.) (Brunner 1915, Duckworth and Eichlin 1978). 
The recorded distribution of this moth is from Northern California north to Alaska, and east to 
Montana and Alberta (E ichlin and Duckworth 1988 . lvcs and Wong 1988). 
Trees favoured for attack are between 10 and 50 years old, and tend to grow in shaded 
areas (Brunner 1915). Large-diameter, vigorous trees are also more susceptible to attack 
because the Douglas-fir pitch moth is a primary insect, meaning it attacks live, healthy trees 
(Brunner 1915, Johnson 1993). Previous sesiid wounds are often targeted for attack (Brunner 
1915). In Washington , ov ipos ition by Douglas-fir pitch moth onl y occurred at wounds that 
exuded oleoresin, the majority of which were caused by pruning, and year-old wounds were 
more attractive than fresh wounds (Johnson 1993). 
Although feeding by pitch-moth larvae rarely kill s trees, it can weaken them by partial 
girdling, which will make them more susceptible to wind breakage (Ives and Wong 1988). 
The weaker trees are then often infested by secondary in sec ts, which attack dead or dying 
wood (Brunner 1915). Attacks in stands of Douglas-fir will cause a pitch seam in the stem 
wood, greatly devaluing the lumber (Brunner 1915). In Edmonton, branches and tops of 
ornamental white spruce have been killed by Douglas-fir pitch moth (Ives and Wong 1988). 
The sequoia pitch moth is primarily a pest of hard pines; recorded hosts are lodgepole 
pine, shore pine (Pinus contorta var. contorta Doug!. ), sugar pine (P. lamhertiana Doug!.), 
ponderosa pine, Bishop pine (P. muricata D. Don), Monterey pine (P. radiata D. Don), and 
occasionally Douglas-fir (Engelhardt 1946, Duckworth and Eichlin 1978). Its range includes 
British Columbia, Alberta, California, Colorado, Oregon , Washington, Idaho, and Montana 
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(Duckworth and Eichlin 1978, Engelhardt 1946, Ives and Wong 1988). 
Damage by the sequoia pitch moth is similar to th at of the Douglas-fir pitch moth. In 
repeatedly attacked sites the xylem growth and development is slowed, and cavities in the 
wood are formed (Campbell and Barstow 1975). There can be a cyclic attack pattern on the 
same host over several insect generations (Powers and Sundahl 1973). Naturally occurring 
stands have very little sequoia pitch moth damage, but ornamental and planted trees are 
sometimes highly susceptible (Campbell and Barstow 1975). 
Pyralid moths 
The family Pyralidae has approximately 25,000 named species, and perhaps as many 
as 100,000 unnamed, making it possibly the most speciose family of the Lepidoptera (Scobie 
1992). Most pyralids are relatively deli cate moths , although they range in size from small to 
large, and most larvae are webbers, borers, or miners (i .e. , "concealed feeders") (Scobie 
1992). Many pyralids are of economic importance, including those in the genus Dioryctria, 12 
species of which occur in B.C. (Scobie 1992, Sopow et al. 1996). One of the conifer-
damaging species, D. cambiicola attacks the stems and shoots of pines (Ives and Wong 1988, 
Sopow et al. 1996). 
Dioryctria cambiicola has a one-year life cycle (Ives and Wong I 988). The nocturnal 
adults emerge in August and lay eggs singly in bark crevices. The forewing of the adults is 
brownish-grey with light markings, and reddish-brown at the base, and the hindwing is 
brownish (Mutuura and Munroe 1969, Ives and Wong 1988). The adult wingspan is 25-32 
mm . 
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The newly-hatched larvae feed little or not at all before spinning a silk-lined 
hibernaculum (Butcher and Carlson 1962). Larvae overwinter in the hibernaculum and 
become active in early May (Carlson and Butcher 1967). The larvae have six instars, and are 
pink with reddish spots at the setal base. They feed in the phloem region of the main stem 
until about mid-Jul y, when they pupate. As with sesiid moths , feeding causes formatio n of 
pitch at the gallery entrance (Mutuura and Munroe 1969). Immediately before pupation, the 
larvae chew away the outer bark from the inside and pupate inside an enlarged pitch chamber 
covered with a thin cap (Carlson and Butcher 1967). Pupation lasts approximately three 
weeks. 
Damage caused by the western pine moth is simi lar to that of the sesi id moths . Feeding 
of the top whorl of a tree can result in a dead top, stem injury, or cause death of adjacent 
branches or of the entire crown (Butcher and Carlson 1962). The western pine moth is not of 
economic importance except in seed orchards, where graft unions may be attacked (Ives and 
Wong 1988). Many species of Dioryctria are closely associated with vari ous rust cankers, 
most notably commandra bli ster rust (Cronartium comandrae Pk. ), stalactiform bli ster rust 
(C. coleosporioides Arth.), and western gall rust (Endocronartium harknessii Moore) 
(Mutuura and Munroe 1969, Wong 1972). 
Study Site 
The Prince George Tree Improvement Station provided an ideal study site for this 
project, as it has four lodgepole pine seed orchards and a provenance trial that are infested 
with pitch moth. The station is located approximately 20 km south of Prince George on the 
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west side of the Fraser River (54° Nand 122° W). It is situated within the transition zone 
between the Warm Fraser Valley Sub-B oreal Spruce (SBS mh) and Nechako River Dry Warm 
Southern Sub-Boreal Subzones (SBSdw) of the Sub-Boreal Spruce Biogeoclimatic zone 
(Anonymous 1985, Meidinger et al. 1991). The surrounding mixed forest consists of hybrid 
spruce (Picea engelmannii x glauca), lodgepole pine, subalpine fir (Abies lasiocarpa Hook. ), 
trembling aspen (Populus tremuloides Michx.), black cottonwood (P. trichocarpa Torr. and 
A. Gray), and paper birch (Betula papyrifera Marsh.) . The climate consists of seasonal 
extremes of harsh , snowy winters, and short, warm, and moist summers. The reserve covers 
2170 ha, ranging from 610 to 760 m above sea level (Anonymous, 1985). On average, 263 
mm of a total annual rainfall of 555.5 mm falls during the growing season of approximately 
1033-1349 degree days greater than 5° C (Anonymous, 1985). There are approximately 85 
frost-free days per year in the area. 
The goals of the station are to provide lodgepole pine seed stock for the nursery and to 
participate in the provincial tree-improvement program, through the selective breeding of trees 
for increased growth rates, improved wood properties , and resistance to insects and disease 
(Anonymous 1985). In general, tree improvement consists of first selecting wild, parent trees 
with desirable phenotypic characteristics, collecting seed or sc ion materi al from these trees 
and growing them in managed seed orchards. Seeds co ll ected from these wind- and hand-
pollinated orchards are grown into seedlings for reforestation (Anonymous 1977). Seed-
orchard managers select progeny from the wild-parent trees and use them in controlled-
breeding programs to further enhance desired phenotypes. Progeny plantations are then used 
to evaluate the seed stock . 
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Seed Orchards 
At the PGTIS, there are currently four productive wind- and hand-pollinated seed 
orchards, all grown from scion material grafted onto rootstock (Table 1.1, Fig. 1.2). With the 
exception of two orchards, the parent trees for each orchard were chosen from different seed 
planning zones from the interior of B.C. This results in no replication of clones between 
orchards, although there is clonal replication within each orchard. Parent trees for each 
orchard came from the following seed planning zones: #201 and #202 from the Central 
Plateau and Finlay; #203 from the McGregor, Quesnel Lakes, and Cariboo Transition; and 
#204 from the Bulkley planning zone (C. Fleetham, pers . comm. ; Fig. 1.1). This results in all 
four seed orchards containing trees grafted from parent trees found outside the local 
(McGregor) planning zone. Each orchard consists of 28 to 120 clones. Each clone is replicated 
up to 58 times within orchards, although usually there are Jess than 20 ramets (=replicates) per 
clone. The oldest trees were grafted in 1972, and the youngest in 1989. 
Various management techniques are practised by the station staff to obtain the 
maximum seed crop from the orchards. Some of these techniques cause mechanical damage to 
the trees. Direct injury to the tree results from pruning, topping, crown shaping, the removal of 
western gall rust damage, and the injection of gibberellic acid to induce the growth of male 
and female flowers. Mechanical injury to the trees from machinery may also result from 
mowing, herbicide application, fertilizing, supplemental mass pollination, and cone picking. 
Provenance Trial 
The provenance trial at the PGTIS is part of a larger study where more than 150 
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Table 1.1 Descriptive data for the four seed orchards at the PGTIS, Prince George, B.C. 
Description 
Orchard # live orchard size #of grafting dates seed planning 
trees (m x m) clones zone 
Omineca - Pinchi 999 184 X 212 35 1972,82 CP,FIN 
#201 
Omineca- Pinchi 361 116x138 28 1972, 82 CP, FIN 
#202 
Willow - Bowron 803 156 X 192 108 1976,82 MGR, QL, 
#203 CT 
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Figure 1.2 The Prince George Tree Improvement Station , Prince George, B.C.: 1=0mineca-
Pinchi #201 , 2=0mineca-Pinchi #202, 3=Willow-Bowron #203 , 4=Smithers #204, 
5=Provenance Trial. 
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population samples (provenances) of lodgepole pine are grown in various combinations at 
over 70 locations throughout British Columbia. The overall goal of the project is to study how 
phenotypic expression of genetic variation in lodgepole pine is affected by different 
environmental influences. This information is used in decision making with regard to seed 
transfer and the delineating of seed zones and breeding zones (Anonymous 1985). 
The provenance trial at the PGTIS consists of a plantation of 778 wind-pollinated 
families (a group of individual trees directly related by descent from a common ancestor). 
These are comprised of trees from 46 provenances from the interior of British Columbia, four 
from the Yukon Territory, and three from Alberta. The plantation covers 25.2 ha, and consists 
of 19,000 trees in four replications, all sown in 1969 and planted in 1973 (Anonymous 1985; 
Fig. 1.2). 
13 
Chapter 2: Species Determination of Pitch Moths and Other Sesiid Moths, and Their 
Responses to Pheromone-Baited Traps 
Introduction 
Pheromones are compounds secreted by an organism to communicate with another 
organism of the same species (Gullan and Cranston 1994). In many female Lepidoptera, sex 
pheromones used to attract males are produced in eversible sacs or pouches between the 
eighth- and ninth-abdominal segments (Gull an and Cranston 1994 ). The first insect 
pheromone to be discovered , isolated, and identified was that of the female silkworm moth 
(Bombyx mori) (Hummel 1984). Since that discovery, over 800 insect pheromones have been 
described and synthesized (Hummel 1984 ). 
The compounds (Z,Z)-3,13-octadecadienyl acetate and its (E,Z) isomer, identified as 
the pheromones of the sesiid moths: the peachtree borer (Synanthedon exitiosa Say), and the 
lesser peachtree borer (S. pictipes Grote and Robinson ), respectively, were extracted from 
female ovipositors, purified, and field tested (Tumlinson et al. 1974). Because interspecific 
and intergeneric sex attraction has been observed among the sesiids (Nielsen and Balderston 
1973), these compounds and their isomers have since been tested as pheromone attractants for 
numerous other male sesiid moths , including the sequoia and Douglas-fir pitch moths. (Z,Z)-
3, 13-0ctadecadien-1-ol is the most effective trap bait for sequoia pitch moth (Nielsen et al. 
1978), and its corresponding acetate is effective for the Douglas-fir pitch moth (Johnson 
1993). Blends of (Z,Z)-3,13-octadecadien-1 -ol with its corresponding (E,Z) alcohol , and (Z,Z) 
and (E,Z) acetates were also attractive to the sequoia pitch moth (Nielsen et al. 1975). 
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Because a specific pheromone compound has not yet been isolated from the female 
ovipositors of either of these moths, the pheromones are considered generic . 
There are several pheromones available that are currently used as attractants for 
various Dioryctria species. (Z)-9- and (E)-9-tetradecenyl acetates , (Z)-11-hexadecenyl acetate, 
(Z)-7 -dodecenyl acetate, and (Z)-9-dodecenyl acetate are attractants for several Dioryctria 
species , including D. disclusa, D. amatella, D. clarioralis, and D. merkeli. However, a fair 
amount of cross attraction and inhibition among species has been observed and these 
pheromones are still considered generic (DeBarr et al. J 982, Hanula et al. 1984a, Hanula et al. 
1984b, Meyer et al. 1984). There is currently no known pheromone for D. cambiicola. 
Once the pheromone for an insect has been isolated, identified, synthesized, and field 
tested , it may be used in various ways for insect management. Field testing includes the 
determination of pheromone field-longevity, as well as optimum pheromone dose and trap 
type. Insect pheromone-management includes monitoring, mass trapping, and mating 
disruption. Pheromone-baited traps placed at regular intervals throughout the infested area to 
monitor insect emergence, changes in population size, and the presence of new infestations 
have been used successfully for various clearwing moth species (Nielsen 1978). Mass trapping 
consists of capturing enough male moths in pheromone-baited traps to reduce the male 
population size sufficiently that mating and numbers of fertilized eggs are reduced (Wong et 
al. 1972). Mass trapping of the lesser peachtree borer was attempted in Wisconsin, where 
traps were baited with virgin females rather than synthetic pheromone (Wong et al. 1972). Of 
the estimated number of emerged male moths, based on a larval count, most were captured in 
the traps. A large percentage of released sterile males were also captured (Wong et al. 1972). 
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Although it was not known if the captured moths had mated or not, that study showed it may 
be possible to suppress populations of Synanthedon spp. in orchards using mass trapping. 
Pheromone di sruption consists of permeating the atmosphere with synthetic 
pheromone in sufficiently high concentrations to prevent the male moths from locating the 
females prior to mating. This was first successfully demonstrated on the cabbage looper 
(Trichoplusia ni Hubner) (Gaston et al. 1967). Numerous studies have shown that permeation 
of peach orchards with lesser peachtree borer and peachtree borer pheromones wi II reduce trap 
catches of these moths up to 100% in peach orchards (McLaughlin et al. 1976, Gentry et al. 
1980, Gentry et al. 1985, Snow et al. 1985). However, due migration of both moth species, 
damage levels in non-isolated orchards are not significantly reduced, indicating pheromone 
disruption will be effective at controlling moths only if the outside source of mated fem ales is 
removed (Snow et al. 1985). Even though all experiments using lesser peachtree borer and 
peachtree borer were conducted in fruit orchards , the conifer seed orchards in Prince George 
are grown and managed in a similar fashion. For successful application of mass trapping or 
mating disruption, knowledge of the flight periodicity of the adult moths is required. 
Determination of the species of pitch moth causing damage at the PGTIS was my first 
step in exploring pheromones as possible management tools. The species of pitch moth 
causing damage to the seed orchards at the PGTIS were suspected to be sequoia pitch moth 
(Synanthedon sequoiae), and /or western pine moth (Dioryctria cambiicola) (C. Fleetham 
pers. comm., Station Manager, PGTIS , Wu et al. 1996). However, these diagnoses were based 
on the tree symptoms caused by the insects (pitch masses), rather than specific signs (adult 
specimens). This was because although pitch moth damage in the PGTIS was easy to detect, 
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adults were extremely difficult to observe. It was therefore necessary to determine not only 
which species were present, but a reliable method of differentiating between them, based on 
the symptoms they cause. The insect symptoms could then be used to determine their 
distribution and relative abundance. 
Consequently, in order to determine which species were present and lay the 
groundwork for future pheromone management of pitch moths at the PGTIS, I addressed the 
following objectives: (1) to determine which species of pitch moths were present at the 
PGTIS, the appearance of their damage, and their flight periodicity; (2) to determine 
distribution and relative abundance of pitch moths in four lodgepole pine seed orchards at the 
PGTIS; (3) to determine the field longevity of the synthetic sesiid pheromones (Z,Z)-3, 13-
octadecadien-1-ol and the corresponding acetate and their ability to attract sequoia pitch moth 
and Douglas-fir pitch moth; (4) to determine optimum pheromone dose; and (5) to determine 
optimum trap type. 
Methods 
1995 Field Season 
Species Identification 
The fact that two different genera of pitch moths were thought to be present at the 
PGTIS (R. Bennett, pers. comm., Seed Pest Management Officer, MOF, Victoria, B.C. ), each 
with slightly different life cycles and bark mining habits, necessitated their identification and 
the development of a reliable method of visually differentiating their damage. Subtle 
differences in appearance of the damage could be expected if the moths differed in life-cycle 
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durations and bark-mining habit, and my observations of previous years' pitch masses 
indicated that there were two types. In the spring and summer of 1995, I noted the physical 
appearance of active pitch masses in the provenance trial , and subsequently dug out larvae 
with a pocket knife. These larvae were then identified to genus, as the genera are easily 
differentiated. 
There are no known physical features of Synanthedon larvae that allow identification 
to species. Therefore, I placed emergence cages over pitch masses of varying shapes, sizes, 
and ages in the provenance trial to ensure capture of the insects actually responsible for 
observed damage. The other purpose of emergence traps was to determine the approximate 
flight period of the western pine moth. Pheromone-baited traps could not be used for this 
because there was no specific, effective pheromone known for the suspected species. I 
constructed emergence traps in the spring of 1995. A frame made from three-mm diameter 
wire was bent in the shape of a tapered cylinder, and very fine (0.5 mm) transparent cloth 
mesh was sewn over the frame, forming a cylinder that was open at the large end, and sealed 
at the narrow end by tying the netting shut. I stapled traps to the bark of attacked trees with the 
open portion of the trap over a pitch mass. This design allowed the moths to emerge freely 
from the pitch masses, while remaining trapped inside the cages until the sealed end of the 
trap was untied. The fine netting was easy to see through and allowed good ventilation and 
maintenance of near ambient temperatures within the traps. I placed emergence traps over 89 
pitch masses in the northern portion of the lodgepole pine provenance trial between May 24 
and July 4, with the bulk of them placed by June 9. I chose the provenance trial to avoid 




In 1995, I baited all pheromone traps with the sequoia pitch moth pheromone, (Z,Z)-
3,13-octadecadien-1-ol, because that was the only species assumed to be present at the time 
(C. Fleetham pers. comm., Wu et al. 1996). I set up paired traps in all four orchards to 
determine the approximate flight period of sequoia pitch moths, and to determine if 
pheromone age affected trapcapture. Five (six in #204) pheromone-baited wing traps (Phero 
Tech Inc., Delta, B.C.) were placed systematically throughout each of the four orchards , with 
one in each corner and one in the centre (two in the centre in #204), on May 24 for a total of 
21 traps. Wing traps are a low capacity trap that are constructed with upper and lower white 
cardboard "wings", attached together and hung with a piece of wire. The two "wings" are one 
em apart at the ends and five em apart in the middle of the trap. Individual pheromone lures 
are hung inside the centre of each trap, and the inside bottom of the trap is coated with Stikem 
Special® (Phero Tech Inc., Delta, B.C.). The traps are low capacity, as the sticky surface of the 
trap bottom quickly gets coated in moth body parts and wing scales, and will no longer trap 
moths. All traps in this experiment and throughout the study were placed at a height of two to 
three meters. The lures consisted of rubber septa loaded with 200 flg of (Z,Z)-3, 13-
octadecadien-1-ol (Phero Tech Inc., Delta, B.C.). 
On June 19, a second set of traps was placed in the orchards, each one about 10m 
from an initial trap, forming five (six in #204) pairs of traps in each orchard (42 traps in total) . 
The new traps were baited with fresh pheromone, subsequently replaced every four weeks, 
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while the lure in the other trap was allowed to age throughout the season. The placement of 
fresh and old pheromone within each pair was randomly determined, facilitating the reversal 
of the placement of some traps . The traps were checked three times a week until September 1. 
In an area of the provenance trial separate from the emergence traps, I conducted a 
trap-type experiment to compare the capturing efficiency of sticky wing traps and Unitraps 
(Phero Tech Inc., Delta, B.C.) for sequoia pitch moths. Unitraps are higher-capacity traps , 
each consisting of a green plastic bucket (10 em in diameter and 20 em deep) with a funnel 
attached to the top of the bucket and covered with a plastic lid with a pheromone lure attached 
to the centre. A small piece of Vapona No-Pest® Strip (Monsanto Canada Inc, Mississauga, 
Ont.) placed inside the trap rapidly kills the moths after they fall through the funnel into the 
bucket, and prevents them from flying out. Ten pairs of traps baited with 200 flg of (Z,Z)-
3,13-octadecadien-1-ol were placed approximately 30m apart in the south end of the 
provenance trial. Trap pairs were placed randomly on June 20, with about 10m separating 
individual traps in each pair. Traps were checked three times a week until September I. 
1996 Field Season 
Pheromone-Baited Traps 
Results from pheromone trapping experiments in 1995 indicated that Douglas-fir pitch 
moth was present in the orchards. Thus, in 1996, I used generic pheromones known to be 
attractive to both sequoia pitch moth and Douglas-fir pitch moth . All the pheromone-baited 
traps described below were checked three times a week until Sept. 21. 
I placed paired Unitraps in each of the orchards to compare attractiveness of (Z,Z)-
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3,13-octadecadienyl acetate and its corresponding alcohol to Douglas-fir pitch moth , as well 
as its approximate flight period. The traps were hung as in 1995, except in the #203 orchard, 
where only one pair was set up because of the presence of other experiments in the orchard. 
Thirty-four traps were placed in total. Traps in each pair were baited with 200 flg of either 
(Z,Z) -3, 13-octadecadien-1-ol for sequoia pitch moth , or (Z,Z)-3, 13-octadecadienyl acetate for 
Douglas-fir pitch moth. Within each pair, pheromone type was assigned randomly , and the 
traps were hung in trees I 0 m apart. The traps were placed and baited on May 31, and the 
pheromone lures were replaced with fresh ones every 30 days. Unitraps were used because 
limited data from 1995 shoWed Synanthedon spp. may prefer them over wing traps, and 
because specimens are preserved intact for easier identification. 
In the provenance trial , I repeated the trap type experiment with both pheromones, to 
obtain more conclusive results than in 1995. On June 6, I 0 pairs of traps baited with 200 flg 
of (Z,Z)-3,13-octadecadien-1-ol, and 10 pairs of traps baited with 200 flg of (Z,Z)-3,13-
octadecadienyl acetate were placed approximately 30 m apart throughout the trial. Each pair 
consisted of one sticky-wing trap, and one green Unitrap. Traps in each pair were randomly 
hung in trees nine m apart, and lures were replaced with fresh ones every 30 days. 
In the provenance trial , I set up two dose-respon se trials to determine the optimum 
pheromone dose to catch male moths . Unitraps were baited with three pheromone doses: 50, 
100, and 200 flg of (Z,Z)-3, 13-octadecadien-1-ol for sequoia pitch moth and (Z,Z)-3, 13-
octadecadienyl acetate for Douglas-fir pitch moth. For each species, five replicates were 
placed approximately 25 m apart. Each replicate consisted of three traps (each baited with one 
of the three doses), randomly placed nine m apart. 
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Damage Survey 
I carried out a damage survey in four lodgepole pine seed orchards to determine the 
relative abundance of pitch moths, because pitch masses created by both western pine moth 
and Douglas-fir pitch moth were observed in the orchards. 
I visually surveyed all four orchards for old and fresh pitch moth attack during July 
and August of 1996. Each pitch mass was counted as one attack. Pitch masses with only dried 
crystallized resin were presumed to no longer contain live larvae and were counted as old. 
Pitch masses with fresh flowing pitch were counted as active or fresh. Pitch masses where 
fresh pitch occurred on top of old pitch were also counted as one fresh attack. 
Analyses 
I subjected results from the pheromone-aging trial , both trap-type experiments, and the 
dose-response trial to a Chi-square goodness of fit test (Zar 1984 ). When doing this test, my 
null hypothesi s was that all trap captures would occur in a I: I ratio in each trap-pair across all 
treatments for each experiment, and expected values were calcul ated as such. 
Percent of trees attacked by each pitch moth species and the mean number of attacks 
per tree were calculated per orchard and in total. A one-tailed paired t-test was performed to 
detect statistical differences in attacks by each species of moth on each tree, for each orchard. 
The test is one-tailed because the expected result is that there are significantly more 
Synanthedon than Dioryctria moth attacks , and paired because the two measured variables are 
not independent, because they may occur on the same tree, and the presence of one may effect 
the presence of another (Zar 1984). 
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Results 
1995 Field Season 
Species Identifications 
Species and pitch mass identifications were made by combining larval identifications, 
emergence-trap data, and visual observation of pitch masses that were caused by the collected 
specimens. All Dioryctria larvae were dug out of pitch masses that were oriented vertically on 
the tree, approximately one em in diameter in mid-June , and up to I 0 em wide and 20 em long 
in August. In emergence traps , the first of 32 Dioryctria cambiicola (identified by R. Bennett) 
was caught on July 12, and the last on August 23, indicating the approximate flight period of 
this species in Prince George in 1995 (Fig. 2.1 ). Based on observations of several larvae and 
the capture of one moth in an emergence trap on June 16, Douglas-fir pitch moth was also 
present in the provenance trial. It mines horizontally , and often has old and fresh pitch in one 
pitch mass. ActiveS. novaroensis pitch masses are often large (>10 em in diameter) in June, 
which easily distinguishes them from Dioryctria pitch masses. 
Pheromone-Baited Traps 
Two species of sesiid moths were caught in the pheromone-lure-ageing experiment: 
Sesia spartani (Eichlin and Taft) (identified by T. Eichlin , Insect Systematist, USDA, 
Sacramento, California), and Synanthedon novaroensis (identified by R. Bennett and 
confirmed by T. Eichlin). Two Douglas-fir pitch moths were caught: one on June 15 and the 
second on June 30. TenS. spartani were caught between June 23 and July 10. Of the 11 moths 























July 1 July 15 Aug 1 
Date 
Aug 15 Aug 30 
Figure 2.1 Flight periodicity of Dioryctria cambiicola in 1995, based on emergence trap data, 
PGTIS , Prince, George, B.C. 
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S. novaroensis were caught in fresh pheromone ( <30 days), and oneS. spartani was caught 
with old pheromone (>30 days). Thus, S. spartani showed a significant preference for the 
fresh pheromone (P < 0.05, Table 2.1). 
In the trap-type experiment, conducted in the provenance trial, six S. spartani were 
caught in the Unitraps from July 3 to July 24. No moths were caught in the sticky traps. 
Results from a Chi-square test showed Unitraps were significantly better at catching S. 
spartani than wing traps (P < 0.05, Table 2.1). 
1996 Field Season 
Pheromone-Baited Traps 
In the paired-trap experiment in the orchards , four Douglas-fir pitch moths were 
caught between June 26 and July 29: three in traps baited with (Z,Z)-3,13-octadecadienyl 
acetate, and one in traps baited with (Z,Z)-3,13-octadecadien-1-ol. As in 1995, no sequoia 
pitch moths were caught. Seven Sesia spartani were caught between July 29 and August 27 
in the alcohol-baited traps. Ten Synanthedon culiciformis (Linneus) (identified by R. Bennett 
and confirmed by T. Eichlin), a species attacking alder and birch, were caught in the traps 
baited with (Z,Z)-3,13-octadecadienyl acetate between June 4 and June 26 (Table 2.2). 
In the trap-type experiment in the provenance trial, 22 Douglas-fir pitch moths were 
caught between June 26 and August 6. All were caught in the 10 replicates baited with 
acetate: 15 in the Unitraps, and seven in the sticky traps (Table 2.3) . These results were not 
significantly different from expected values (P > 0.05). No moths were caught in the alcohol-
baited traps. 
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Table 2.1 Numbers and percentages of male sesiid moths and mean catch/trap in wing traps 
baited with fresh and old (Z,Z)-3,13-octadecadien-1-ol from June 23 to July 10 in the 
seed orchards, and in Unitraps and wing traps from July 3 to 24 in the provenance trial, 
PGTIS , Prince George, B.C., 1995. 
Experiment # S. spartani # S. novaroensis % ofTotal Mean Catch (±SE) 
Pheromone Age (N=21) 
Old (>30 days) 1 0 8.3 0.05 ± 0.05 
Fresh (<30 days) 9 91.6 0.48 + 0.21 
Trap Type (N= 10) 
Unitrap 6 0 100 0.60 ± 0.31 
Wing 0 0 0 0.00 
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Table 2.2 Numbers and percentages of sesiid moths and mean catch/trap in paired Unitraps 
baited with (Z,Z)-3, 13-octadecadienyl acetate and (Z,Z)-3, 13-octadecadien-1-ol from 
June 26 to Aug. 27 , 1996, in the seed orchards, PGTIS , Prince George, B.C., (N= 17). 
Pheromone # Sesia spartani # S. novaroensis # S. culiciformis Mean Catch (±SE) 
Acetate 0 3 10 0.77 ± 0.24 
Alcohol 7 1 0 0.47 + 0.17 
% Total Catch 33 19 48 
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Table 2.3 Numbers and percentages of male Synanthedon novaroensis moths and mean 
catch/trap in paired Unitraps and wing traps with (Z,Z)-3 , 13-octadecadienyl acetate, 
and sets ofUnitraps with three pheromone doses of (Z,Z)-3,13-octadecadienyl acetate 
between June 20 and Aug 6, 1996, in the provenance trial, PGTIS , Prince George, 
B.C. 
Experiment # Moths Caught % ofTotal Mean Catch (±SE) 
Trap Type (N= 10) 
Unitrap 15 68 1.50 + 0.54 
Wing 7 32 0.70 ± 0.21 
Dose Response (N=5) 
50 flg II 0.20 ± 0.20 
I 00 flg 3 33 0.60 + 0.25 
200 flg 5 56 1.00 + 0.63 
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In the dose-response experiment in the provenance trial, nine Douglas-fir pitch moths 
were captured between June 20 and July 10, one in the 50-1-' g dose traps , three in the 100-1-'g 
dose traps , and five in the 200-1-'g dose traps . The number of moths in each trap were not 
significantly different from expected values (P > 0.05, Table 2.3). No moths were caught in 
the alcohol baited traps. 
Based on results from all pheromone-trapping experiments in 1996, the flight period of 
Douglas-fir pitch moth at the PGTIS for that year occurred between June 20 and August 6, 
with the bulk of the f li gh t occurring in the last week of June and the first two weeks of July 
(Fig. 2.2). 
Damage Survey 
Results from the survey of pitch masses in the seed orchards indicated that Douglas-fir 
pitch moth is sign ificantl y more prevalent in all four orchards than western pine moth (P < 
0.001). Percentage of trees attacked in each orchard ranged from 14 to 31 percent for Douglas-
fir pitch moth, and from 0.3 to 2.8 percent for western pine moth. Total number of attacks 
over all orchards were also much higher for Douglas-fir pitch moth (0.335 attacks per tree) 
than western pine moth (0.023 attacks per tree, Table 2.4). Of the total number of attacks in 
each orchard , Douglas-fir pitch moth attacks accounted for from 91 to 97 percent, and western 
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Figure 2.2 Flight periodicity of Synanthedon novaroensis in 1996, based on catches in 
pheromone baited traps, PGTIS, Prince George, B.C. 
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Table 2.4 Percent of trees attacked, number of moth attacks, and number of moth attacks per 
tree for Synanthedon novaroensis (Syn.) and Dioryctria cambiicola (Dio.) in four 
lodgepole pine seed orchards , PGTIS , Prince George, B.C. , July, 1996. ?-values 
denote results from paired t-test based on numbers of pitch masses. 
Orchard #Trees % trees attacked # moth attacks #attacks/tree P-values 1 
Syn. Dio. Syn. Dio. Syn. Dio. 
Omineca- 999 30.83 2.8 486 35 0.49 0.035 < 0.001 
Pinchi #201 
Omineca- 361 25 .21 0.28 131 4 0.36 0.011 < 0.001 
Pinchi #202 
Willow - 803 19.93 0.87 227 12 0.28 0.015 < 0.001 
Bowron #203 
Smithers #204 997 14.04 1.5 214 21 0.22 0.021 < 0.001 
Total/Average 3160 22.50 1.36 1058 72 0.335 0.023 < 0.001 
31 
~ Synanthedon 
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Orchard 
Figure 2.3 Percent of S. novaroensis and D. cambiicola pitch masses of the total pitch masses 
observed in each of the four orchards, l=Omineca-Pinchi #201 (N=999), 2=0mineca-
Pinchi #202 (N=361), 3=Willow-Bowron #203 (N=803), 4=Smithers #204 (N=997), 
July 1996, PGTIS, Prince George, B.C. 
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Discussion 
I made species determinations by combining data from pitch mass larva identification, 
emergence traps, and pheromone-baited traps over a two-year period. In 1995 in the 
provenance trial , I identified two genera of pitch moth (Synanthedon and Dioryctria) from 
larval specimens. Identification of adults caught in emergence traps indicated the Dioryctria 
spec ies that mines in the stem of the trees at the PGTlS is D. cam.biicola. This occurrence is 
within the known range of this insect, which includes British Columbia, Alberta, Washington , 
Oregon, California, Arizona, New Mexico, Colorado, and Montana (Furniss and Carolin 
1977, Ives and Wong 1988). 
Results from two years of pheromone trapping in the seed orchards and the provenance 
trial indicated that Synanthedon novaroensis is present at the PGTIS , and is attracted to (Z,Z)-
3,13-octadecadienyl acetate. In British Columbia, this insect has been collected from the south 
coast and throughout the northern interior to Summit Lake (Bob Duncan, pers. comm., 
Insectary Biologist, Pacific Forestry Centre, Victoria, B.C.). Two years of trapping with (Z,Z)-
3, 13-octadecadien-1-ol failed to catch any sequoia pitch moth, leading to the conclusion that 
this species is absent from the PGTIS . Sequoia pitch moth has been collected from the south 
coast and across the interior, but only as far north as the North Thompson (Bob Duncan, pers. 
comm.). These two species have a similar distribution in Alberta, where the sequoia pitch 
moth is restricted to the southwest part of the province, and the range of the Douglas-fir pitch 
moth extends north to the central region (Ives and Wong 1988). Thi s indicates that climatic 
factors may be restricting the range of the sequoia pitch moth, which appears to be the less 
winter-hardy of the two species. 
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I noted several physical differences between pitch masses of western pine moth and 
Douglas-fir pitch moth. These differences in the appearance of their pitch masses are due in 
part to two main factors: the duration of their life cycle. and the direction in which they mine 
the phloem. Western pine moths tunnel in the phloem vertically, which is reflected in the 
orientation of their pitch masses. This is especially obvious when several pitch masses occur 
on one tree, which is often the case in the provenance trial. The life cycle of western pine 
moth is one year, and freshly hatched larvae overwinter before feeding, which results in their 
pitch masses being very small in May and June, and considerably larger (comparable in size to 
those made by Douglas-fir pitch moth) in July and August. Pitch from previous and current 
year larval feeding does not occur on the same pitch mass. Douglas-fir pitch moth has a life 
cycle that is at least two years in Prince George. As a result of this, pitch masses created by 
this insect often have large pitch masses throughout the year, where current year's pitch is on 
top of previous years' pitch. This event happens when one-year-old larvae overwinter and 
resume feeding in the spring. The larvae also generally tunnel horizontally, and cause 
horizontal bark scars in the wood. The time when the two species of pitch moths are most 
easily distinguished by their damage is in May or June, when small (<two-em wide) fresh 
pitch masses are caused by western pine moth, and larger fresh pitch masses (>five-em wide) 
are caused by Douglas-fir pitch moth. Pitch masses caused by newly-hatched Douglas-fir pitch 
moth larvae are similar in size and appearance to that of western pine moth , but are not 
noticeable until at least two weeks following the initial flight of the insect, which is 
approximately mid-June in Prince George. 
Douglas-fir pitch moth emergence occurs from March to September, with peak 
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emergence in June and July (Duckworth and Eichlin 1978, Johnson 1993). Peak emergence 
observed by Johnson (1993) in western Washington State took place between the last week of 
July and the first week of August, which differs slightly from the PGTIS study where peak 
emergence took place in early July in 1996 (Fig 2.3). Heat accumulation and host differences 
probably produced these differences. Emergence is probably highly dependent on annual 
weather, which differs substantially between Washin gton State and Prince George. The 
shorter growing season and colder winter temperatures in Prince George may cause the 
insect's life cycle to be extended by one year from that in Washington. This may cause moths 
to emerge late in their second year of development in Washington, and early in their third year 
in Prince George. In fact, insects from many viable pitch masses that I observed regularly did 
not emerge at all. The cause of this is unknown , but it may be due to a colder than average 
spring in 1996 prolonging emergence to the following year. Douglas-fir pitch moths have not 
been observed to emerge in cold and rainy conditions (J.M. Johnson, pers. comm., Graduate 
Student, University of Washington, Seattle, Wa.). The flight period data for both the 
Washington and Prince George studies were only gathered over one season. The average of 
several years of flight data from each place would provide a more accurate reflection of timing 
of emergence. 
The host plant in Washington was Douglas-fir (Pseudotsuga menziesii), whereas in 
Prince George it was lodgepole pine. Although the effects of host species on moth flight 
period are not known, physiological tree differences may be a factor. For example, Douglas-fir 
bark is up to 30 em thick, and lodgepol e pine bark is less than two em thick (Farrar 1995). 
This may affect timing of insect emergence. 
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The flight period of western pine moth in Prince George indicates a peak in late July 
and early August (Fig. 2.1). Although I based this conclusion on one year of flight data, it does 
concur with recorded flight periods in Vernon, B.C. , where adu lts emerged from the last week 
of July into the last week of August (Mutuura and Munroe 1969). 
Results from damage surveys indicate that western pine moth and Douglas-fir pitch 
moth are both present in the seed orchards, with the latter the more prevalent species. One 
reason for the low numbers of western pine moth may be that it appears to be strongly 
associated with stalactiform blister rust (Cronartiwn coleosporioides Arth.), a stem rust that 
attacks lodgepole pine (Chapter 3). This stem rust, although widespread and abundant in the 
provenance trial, is absent from the orchards. A damage survey is the most accurate and 
consistent way of determining pitch moth distribution and abundance, because catches in 
pheromone traps are highly dependent on the efficiency of the pheromone and trap in 
attracting insects. Pheromone-baited traps do not necessaril y accurately represent local moth 
abundance because they may also attract insects from surrounding areas. Furthermore, the 
species must be known a priori, so that the correct compounds are used for the species 
present. The number of Synanthedon pitch masses may be underestimated in this survey, 
because these insects often attack the same spot over several insect generations (Powers and 
Sundahl 1973), so that one pitch mass could actually represent several attacks. Thi s problem 
could have been overcome by destructive sampling i.e., digg ing out all larvae, but this wou ld 
have considerably reduced the pitch moth population in the orchard and affected the results of 
concurrent pheromone trapping experiments. Destructive sampling also causes considerable 
damage to the trees, and pitch masses were often more than three meters off the ground, 
36 
making them physically impractical to access. 
Pheromone-baited traps in the orchards and the provenance trial also captured other 
deciduous-boring sesiid moths. Sesia spartani, a species previously only known from 
Michigan, bores in species of Salicaceae, particularly Populus tremuloides (Eichlin and Taft 
1988). This species was only found in traps baited with (Z,Z)-3,13-octadecadien-1-ol. This 
concurs with captures of this moth in Michigan , where males were captured only in traps 
baited with a 50:50 mixture of (Z,Z) and (E,Z)-3 , 13-ocLadecadien-1-ol , even though the (Z,Z) 
isomer of the acetate were also hung in the same area (Eichlin and Taft 1988). Synanthedon 
culiciformis, found only in the traps baited with (Z,Z)-3 , 13-octadecadienyl acetate, bores in 
birches and alders which are also abundant in the area surrounding the orchards. This sesiid is 
widespread, as it occurs from Alaska to California and west to Utah (Duckworth and Eichlin, 
1978). 
Although too few moths were caught in 1995 to draw conclusions about pheromone 
field-longevity, results from the catches of male Sesia spartani moths in traps baited with 
(Z,Z)-3, 13-octadecadien-1-ol indicate that attractiveness of the pheromone-formulation used 
dec lines with age. This is consistent with a study where traps baited with pheromone for 
Synanthedon pictipes, the lesser peachtree borer, trapped the largest number of males when 
baits were changed every three weeks (Sharp and James 1978). Presumably, after three to four 
weeks, enough pheromone has dissipated from the release device that not enough was left in 
the dispensers to be attractive to the males. Release rates from rubber septum lures are known 
to decline over time (McDonough 1991 ). 
Trap design is often important when trapping in sects, because variations of insect 
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flight behaviour may dictate which trap is most efficient. Although results from this study 
showed that Douglas-fir pitch moth appears to be more attracted to Unitraps over wing traps, 
too few moths were caught for results to be statistically significant. Traps of varying design 
are efficient at catching other species of Synanthedon. specifically Synanthedon pictipes, the 
lesser peachtree borer, and S. ex itiosa , the peachtree borer. Pherocon I C sticky traps (Trece, 
Salinas, California), similar in design to the sticky traps used in this study, efficiently trap 
males of both species (Knodel and Agnello 1990, Yonce et al. 1979). Multi-pher 1 traps (Bio-
control Services, Ste. Foy, Quebec, Canada), similar in design to Unitraps, were as effective at 
catching S. pictipes as Pherocon IC traps, and somewhat less effective at capturing S. exitiosa 
than Pherocon 1 C traps (Knodel and Agnello 1990). Synanthedon pictipes males have been 
observed on numerous occasions entering Pherocon lC traps and then flying out (Holloway et 
al. 1977). Lesser peachtree borer males were also observed hovering above and below the 
horizontal plane of a pheromone source when approaching it (Holloway et al. 1977). If this is 
the case for Douglas-fir pitch moth, lure placement within cardboard flaps in the sticky wing 
traps may prevent moths from hovering normally (Holl oway et al . 1 977). Unitraps are 
designed so that lures are easily accessed by moths, and any hovering activity immediately 
above or below the pheromone would likely result in the moths falling into the trap. Given 
that both trap types are somewhat attractive to Douglas-fir pitch moth, the Unitrap may be a 
better choice for pheromone trapping because they are re-usable, sturdier, have a higher 
capacity, and do not destroy specimens. 
As well as trap design, the optimum concentration of pheromone in trap lures is also 
important when capturing male moths. There is a minimum threshold concentration of an 
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appropriate sex pheromone that is required to elicit a response from male moths (Roelofs 
1978). This threshold is higher if, in a multi-component pheromone, the components are 
present in ratios significantly different from that which is naturally emitted by the female, or if 
only one of the components is used (Roelofs 1978). Additionally, there is an upper limit on 
pheromone concentration beyond which its attractiveness will not increase, and, in fact, may 
decrease; i.e., very high pheromone concentrations disrupt long-distance anemotactic 
responses of males (Roelofs 1978) . These upper and lower concentration limits define 
species-specific areas of attr~ction effective in trapping male moths. For monitoring purposes, 
it is important to use the amount of pheromone that elicits the greatest response from the 
males without exceeding the attraction area. 
Results obtained in thi s study were not significant (P > 0.05). In a similar study 
conducted on Vancouver Is land , with dosages of up to I 000 f.l g, the highest doses elicited a 
much higher response than lower ones (R. Bennett pers. comm. ). The highest pheromone dose 
used in this study (200 f.lg) may have been too low to attract males, because the pheromone in 
the traps is competing with calling females, or moth populations may have been low. In one 
study lesser peachtree borer males responded to femal e sex pheromone in a dose dependent 
manner, exhibiting a signifi cant linear increase in trap catches from concentrations of 10 J.l g to 
100 11 g (Nielsen and Purrington 1980). In that study dosages much lower than 1000 f.l g were 
highly attractive, but when clearwing moth population sizes are low (as is the case in the 
PGTIS study) pheromone concentrations much higher than 100 f.lg are required to attract male 
moths (Nielsen and Purrington 1980). 
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Conclusions 
If the ultimate goal of determining various pheromone attributes and the flight period 
of the insects is a pheromone-based management program, a sound monitoring technique must 
first be developed. Results from my study indicate that, in the PGTIS , this should be focussed 
on Douglas-fir pitch moth. This insect is the most damaging species in the orchards , due to its 
feedi ng patterns and prevalence. The Douglas-fir pitch moth mines the phloem horizontall y, 
which makes tree girdling and wind breakage at the spot of feeding more likely than that from 
western pine moth. It is also much more abundant than western pine moth in the orchards. 
Future pheromone-based experiments should also be conducted with (Z,Z)-3 , 13-
octadecadienyl acetate, as this was the pheromone attractive to Douglas-fir pitch moth . 
Development of a pheromone-based management program would include repeating 
the above experiments either in a warmer year where presumably more moths will emerge, in 
an area with a higher population of Douglas-fir pitch moth, or with higher doses of pheromone 
in order to obtain sufficient data for conclusive results. The natural pheromone-blend for this 
species should also be confirmed. Resul ts from this study, although not stat isticall y 
significant, do appear to show trends that provide a starting point for future studies. 
Results suggest using Unitraps baited with pheromone lures of greater than 200 Jlg 
concentrations, and changing the lures every four weeks. I would also recommend conducting 
field experiments starting no later than June 1, to ensure traps are in place for the onset of 
Douglas-fir pitch moth flight. Obtaining a pure pheromone (the compound actually released 
by female Douglas-fir pitch moths) is also imperative so that the synthetic-pheromone lures 
are able to compete with calling females for trap catches. This would entail rearing Douglas-
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fir pitch moths, isolating compounds from the female ovipositors, testing male antenna! 
responses to these compounds using electroantennogram recording coupled with gas 
chromatography of the pheromones (Struble and Arn 1984), and conducting field bioassays of 
candidate pheromones. Once this is obtained, trap catches can be correlated to the annual 
occurrence of fresh damage, which would then lead to the development of a model where 
pheromone-trap catches will indicate when insect population size increases to intolerable 
damage levels. Mass trapping or pheromone disruption of the Douglas-fir pitch moth in the 
PGTlS may then be tested as feasible control options. 
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Chapter 3: Association Between Pitch Moth and Stem Rust and Canker at the Prince 
George Tree Improvement Station. 
Introduction 
Stem rusts and pitch moths of pine often occur in association. Many species of 
Dioryctria are closely associated with various pitch cankers. Dioryctria amatella (Hulst.), D. 
abietivorella (Grote), D. banksiella, D. contortella, D. okanaganella, D. tumicolella (all 
Mutuura, Munroe and Ross), and D. cambiicola (Dyar) aU attack parts of pine trees already 
infected with Cronartium spp., including comandra blister rust (Cronartium comandrae Pk. ), 
and stalactiform blister rust (C. coleosporioides Arth. ) (Coulson and Franklin 1970, Wong 
1972, Furniss and Carol in 1977). Dioryctria banksiella and D. cambiicola are also found in 
association with the western gall rust (Endocronartium harknessii J.P. Moore), and the 
combined effect of the rust and the insect often causes breakage of the stem at the spot of 
tunnelling (Mutuura and Munroe 1969, Ives and Wong 1988). 
Synanthedon species have also been found in association with stem rusts. Although the 
occurrence of Douglas-fir pitch moth has not been previously correlated with disease, the 
perennial stem cankers Cytospora cincta Sacc. and C. leucostoma (Pers.) Sacc. both 
predispose peach trees to attack by the Jesser peachtree borer (Synanthedon pictipes), which is 
a congeneric species that behaves in a similar manner to Douglas-fir pitch moth (Swift 1986). 
The provenance trial in the PGTIS (Chapter 1 pp. 1 0-13) is infected with several 
species of stem rust and canker that may be associated with western pine moth (Dioryctria 
cambiicola) and Douglas-fir pitch moth (Synanthedon novaroensis), which are also present. 
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Canker wounds may predispose trees to insect attack by providing oviposition sites for pitch 
moths (Mutuura and Munroe 1969, Coulson and Franklin 1970, Wong 1972, Ives and Wong 
1988). A correlation was found between tree resistance to stalactiform blister rust and attack 
by pitch moth in the PGTIS provenance trial, where tree provenance and family had 
significant effects on resistance to the disease and insect (Wu et al. 1996). In that study, all 
pitch moth attacks (Dioryctria and Synanthedon spp.) were regarded as one species. The 
purpose of my study was to determine if there is an association between each species of 
disease and insect, as this may lead to a greater understanding of pitch moth biology and 
infestation dynamics. 
There are three native species of stem rust: stalactiform blister rust; comandra blister 
rust; and sweet fern blister rust (C. comptoniae Arth.), and one species of gall rust, western 
gall rust (Endocronartium. harknessii J.P. Moore), in the central interior of Briti sh Columbia 
(Hunt 1991 ). Atropellis piniph.ila (Weir), a canker-causing fungus , is also prevalent in the 
Prince George area (Hopkins and Callan 1992). All five fungi cause the formation of cankers 
(localized necrotic patches of cambium) on the tree stem and/or branches (Hiratsuka 1987). 
Stalactiform blister rust and comandra blister rusts require Indian paint brush 
(Castelleja spp.) or other members of Scrophulariaceae, and bastard toad flax (Geocaulon. 
lividum Anth.) , respectively, as alternate hosts to complete their life cycle (Hunt 1991 ). 
Aeciospores are released from the fruiting bodies on the stem or branch cankers in spring and 
early summer, and infect the herbaceous secondary host. In late summer, basidiospores 
develop on the secondary host; these disperse and infect young pine on the needles of 
unwounded shoots (Hiratsuka 1987). The first symptoms of disease appear approximately 
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three years after initial infection (Hunt 1991 ). The cankers of stalac tiform and comandra rusts 
annuall y grow out concentrically from the point of infection , with the active, sporulating 
tissue on the periphery of the canker. Although similar in appearance, the two rusts can be 
distinguished on pine by differences in canker morphology and aeciospore shape. Stalactiform 
rust cankers are usually more than 10 times longer than wide and have round spores; and 
comandra rust cankers are usually less than 10 times longer than wide and have pear-shaped 
spores (Hunt 1991 ). 
Western gall rust has a less complicated life cycle, because it is completed without an 
alternate host. Spores are produced on live galls from the end of May to July, become 
airborne, and enter the trees through the needles on young shoots, and cones (Hiratsuka 1 987). 
Stem galls result from infection when the tree is less than a year old , or by branch gall s getting 
enveloped by developing stems. The disease symptoms appear two years after infection (Hunt 
1991); these include the formation of globose woody galls that often surround the stem or 
branch, and increase annually in size (Hiratsuka 1987). 
Atropellis canker is a canker-causing fungus that attacks lodgepole pine. Ascospores 
are formed in fruitin g bodies on branch or stem cankers and are ejected into the air from early 
spring to mid-fall (Hopkin s and Callan 199 1 ). Infecti on of new hos ts starts on undamaged 
bark in the vicinity of branch whorls, and sunken elongated cankers with copious resin flow 
are formed (Hiratsuka 1987). 
Damage from stem rusts and cankers varies widely in intensity and depends on a 
number of factors including tree genotype, climate, and in the case of Cronartium spp., the 
proximity and abundance of secondary hosts (Hunt 1992) . Seedlings and saplings are 
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especially vulnerable as they are often girdled if infected. On more mature lodgepole pine, 
stalactiform blister rust does not usuaJJy cause mortality but may weaken the tree, decrease the 
value of the wood, or make it more susceptible to insect attack. Western gall rust branch galls 
do not usuaJJy affect tree vigour but stem gaJJ s often girdle trees, killing or weakening them 
signifi cantly (Hiratsuka 1987). Atropellis canker causes a black staining of wood, decreasing 
its value considerably (Hiratsuka 1987). 
Because various species of pitch moths are often found in association with rust and 
canker infection sites and these insects and diseases are prevalent in the provenance trial at the 
PGTIS , my objectives were to determine: (1) which spec ies of rust were present ; (2) the 
relative abundance of rust and pitch moth ; and (3) whether of not there was an association 
between pitch moth and stem rust or canker infections in the provenance trial at the PGTIS. 
Methods 
Study Site 
The study was conducted in the provenance tri al at the PGTIS (Chapter I pp. I 0-13) . 
The provenance trial consists of 46 provenances from the interior of British Columbia, four 
from the Yukon Territory, and three from Alberta. Each provenance is represented by 15 
wind-pollinated families , except for seven provenances with only 8-14 families (Wu et al. 
1996). Each provenance is represented by three full y randomized replicates, with the 
provenance as the plot and each famil y within the provenance as the subplots, which each 
consist of six trees planted in a grid of three by three meters (Wu et al. 1996). All trees were 
planted in 1973. 
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Rust Species Determinations 
Atropelli s cankers and western gall ru st gall s are eas il y differentiated from each other 
and from stalactiform and commandra blister rust cankers due to obvious physical differences 
(see Allen et al. 1996). However, stalactiform and commandra blister rust cankers are similar 
in appearance, and may not be easily separated unless examinations are made during the 
sporulation period. To identify them, I scraped aeciospores from each canker onto a 
microscope slide, and studied them through a lOx magn ificati on hand lens. At this 
magnification, the different shapes of the spores from the two species were obvious (round for 
stalactiform and pear-shaped for comandra), and accurate identifications were made (K. 
Lewis, pers. comm., Assistant Professor, University of Northern British Columbia). 
Survey 
I carried out a survey of the provenance tri al in late June, 1996, when the rusts were 
sporulating. Fifteen trees were chosen randomly from each of the 53 provenances represented 
in the provenance trial, making a total of 795 trees surveyed. The number and species of each 
type of stem rust, canker and pitch moth were recorded up to a height of two m. For the 
purposes of thi s study, only the stem cankers of western gall rust were tallied, although most 
of the trees in the tri al had branch gall s of thi s di sease. A different iat ion was made between 
old and fresh insect pitch mqsses , where fresh pitch masses contained live larvae and 
consisted of flowing, non-crystallized resin. All active stem rust infections were considered 
fresh. Old (non-sporulating) rust cankers were not counted, because it was impossible to 
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determine if bark damage was caused by rust fungi (and , if so, which fungu s was responsible) 
or some other agent such as frost. 
Analyses 
I classified each tree as attacked or not attacked by rust and pitch moths. I analysed 
results using the likelihood-ratio test (G-test) , which measures goodness of fit using more than 
one variable, and is set up in a similar fashion to the Chi-square contingency table (Zar 1984). 
The G-statistic was calculated for three associations : (J) western pine moth with stalactiform 
blister rust, (2) Douglas-fir pitch moth with stalactiform blister rust, and (3) Douglas-fir pitch 
moth with western gall rust. My null hypothesis for each case was that the rust and insect 
occur independently. The G-statistic for associations between insects and comandra blister 
rust and Atropellis canker were not calculated due to the very low numbers of these fungi in 
the provenance trial. The G-statistic for association between western pine moth and western 
gall rust was also not calculated because these organisms were not observed in association 
with each other. 
Results 
Species Identification and Relative Abundance 
Results from the survey indicated that western pine moth was more prevalent than 
Douglas-fir pitch moth in the provenance trial, as there were 1723 and 204 pitch masses from 
each insect, respectively (Table 3.1). There were 210 trees infested with western pine moth , 
and l 39 trees infested with Douglas-fir pitch moth, i. e., the former insect had 8.2 pitch masses 
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Table 3.1 Relative abundance of pitch moths, stem rusts and Atropellis canker on 795 trees 
surveyed in the lodgepole pine provenance trial , PGTIS, Prince George, B.C., 1996. 
Organism #Pitch Masses or #Trees Infested Percent of Trees 
Rust Cankers Infested 
Western pine moth 1723 210 26.42 
Douglas-fir pitch moth 203 139 17.48 
Total pitch moth 1926 349 35.22 
Stalactiform blister rust 283 201 25.30 
Comandra blister rust 0.13 
Western gall rust (s tem) 14 13 1.6 
Atropellis canker 3 3 0.38 
Total stem disease 301 218 27.17 
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per attacked tree and the latter had 1.5 pitch masses per attacked tree. 
Based on the observation of cankers, galls, and spores, the stem diseases present in the 
provenance trial were western gall rust , Atropellis canker, comandra blister rust, and 
stalactiform blister rust, where the latter one was much more abundant than the other three 
(Table 3.1 ). No sweet fern blister rust was fo und . 
Association Between Disease and Insect 
The results of the likelihood-ratio test indicated that in all three tests of insect/rust 
association, the presence or absence of rust was not independent of the presence or absence of 
the insect, and vice versa (a ll P < 0.05). Thus , stalact iform bli ster rust and western pine moth , 
stalactiform blister rust and Douglas-fir pitch moth , and western gall rust and Douglas-fir 
pitch moth were associated with one another to some degree. However, the sample size of 
western gall rust was very small (1.64 % of trees infected), which greatly increased the 
probability of the occurrence of a type I error when interpreting that result. Therefore, 
although the calcul ated Ch i-square value leads to rejection of the null hypothesis , for the 
western gall rust I Douglas-fir pitch moth pair, the test may not be valid due to the small 
sample size (Zar 1984, Table 3.2). 
Discussion 
Results from this study indicate the presence of a different spec ies complex in the 
PGTIS provenance trail than in the seed orchards , where Douglas-fir pitch moth damage was 
more prevalent than that from western pine moth (Chapter 2 pp. 28-32). The relatively high 
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Table 3.2 Chi-square and ?-values resulting from the log-likelihood test (G-test) for 
association between specific insect and di sease pairs in the provenance trial. 
Number of Trees With 
Organisms No Insect Insect and Disease and Insect and X2-value 
or Disease No Disease No Insect Disease 
Western pine moth/ 539 55 46 155 335 .20 
Stal actiform blister 
rust 
Douglas-fir pitch 503 91 153 48 7.24 
moth/ Stalactiform 
blister rust 
Douglas-fir pitch 652 130 4 9 17.29 







levels of western pine moth in the provenance trial are probably due to its high incidence of 
stalactiform blister rust, because results indicated the two species are highly associated. 
Although Douglas-fir pitch moth is also associated with stalactiform blister rust, this 
association is not as strong as with western pine moth (Table 3.2). Infection level s of thi s 
disease are high in the provenance trial, probably due to a number of factors, including a 
prevalent secondary host. 
The provenance trial is mowed infrequently, usually only at the beginning and end of 
each growing season. This schedule probably creates an optimum environment for the 
secondary host of stalactiform blister rust , Indian paint brush. The tri al is mowed with enough 
frequency to curb the growth of perennial shrubs that would out-compete thi s herb , but at far 
enough intervals to allow paint brush to complete a season of growth. Indian paint brush is 
absent from all four seed orchards, due to their management regimes, which includes regular 
mowing and herbicide application. Air-borne rust spores can be spread considerable distances , 
however, and it would be possible for basidiospores from the paint brush in the provenance 
trial to infect the seed orchards several kilometres away. Therefore, although presence or 
absence of secondary host in the immediate vicinity of pine trees probably contributes 
significantly to rust-infection levels , other factors are involved. The absence of sweet fern 
blister rust is likely due to the absence of its secondary host Myrica gale , which is a wetland 
shrub (Pojar and MacKinnon 1994). 
Associations were found between one stem rust and two pitch moths in the PGTIS 
provenance trial. Associations between various insects and disease have been recorded 
numerous times in the past, and the possible reasons for association are always of interest. 
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Presumably, the rust and insect have co-evolved, and their relationship will benefit at least one 
of the participants . 
The association between stem rust and pitch moths at the provenance trial may be 
explained by: (1) physical factors; (2) stress factors ; or (3) genetic tree resistance factors. The 
biology of the organisms indicate that the rust usually infects the tree first, followed by the 
insect. The rust basidiospores infect the tree through the needles, negating the possibility of 
stem wounds caused by insects acting as infection courts for rust. The basidiospores are also 
airborne and land on a tree at random, (although whether or not an infection wi II occur after 
landing is presumably not random), and the insect chooses open stem wounds on which to 
oviposit. It is possible that the trees will be attacked first by pitch moths, and then by stem rust 
or canker, but it is less likely to be a cause and effect relationship. 
I made observations during the survey that indicated the majority of pitch masses on 
stalacitiform blister rust occurred on the live periphery of the ru st cankers. Thi s was espec ially 
apparent for western pine moth . Also, the few stem galls of western gall rust that were present 
were often infested with Douglas-fir pitch moth larvae. Thus, it appears the association may 
be physical in nature. There may be several causes for this, but the nature of the association 
would be such that the rust creates a wound on the tree which attracts and/or provides an 
optimal microhabitat for the insects. One possible cause is that di sease-i nduced openings in 
the bark reduce the bark's ability to act as a physical barrier against mining larvae. Pitch 
moths usually lay their eggs in cracks or fissures in the bark, and one probable reason for this 
is to enable the newly-hatched larvae to burrow into the bark with ease (Duncan 1996). Both 
Synanthedon and Dioryctria spp. prefer bark wounds for attack sites (Weidman and Robbins 
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1947, Coulson and Franklin 1970, Powers and Sundahl 1973, Campbell and Barstow 1975, 
Koehler et al. 1983, Frankie et al. 1986, Duncan 1996) . The rust causes the bark to blister, and 
in the case of stalactiform blister rust, the active edges of the canker usually have open fresh 
wounds. The canker may also be utilized as an overwintering habitat for the insect, as has 
been observed for Dioryctria amatella in Cronartiumfusiforme cankers (Coulson and 
Franklin 1970). 
Another cause for physical association may be presence of tree-resin volatiles. General 
defence mechanisms of all conifers against wounds, including fungal infections, include the 
formation of traumatic resin ducts, and the production of secondary resin (Raffa and Berryman 
1982). Thi s response may also include a qualitative change in the resin, with an increase in 
mono terpene and phenolic production (Raffa and Berryman 1982, Woodward 1992). In 
lodgepole pine, this response is rapid, localized to the wound area, and is generalized in that 
there is an increase in the abundance of all monoterpenes (Raffa and Berryman 1982). This 
qualitative change causes the resin to emit different volatiles into the area surrounding the 
wound; this may be attractive to pitch moths . The increased quantity of pitch (and therefore of 
volatiles) released into the atmosphere at the point of infection may also attract pitch moths . 
Pitch moths utilize tree resins as habitat and protection, and these increased resins may also 
encourage the growth and development of pitch moths in rust cankers once the insects have 
been attracted to the area (Chapter 5). 
Pitch moths are phloem feeders; thus the presence of fungal hyphae in the phloem may 
influence the growth and survival of the insect. Apparently, no studies have been conducted 
on the feeding habits of the insects in the rust cankers but it is possible that the pitch moths 
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feed directly on the hypha! mass itself and utilize its nutrition potential, in a similar manner to 
wood-boring ambrosia beetles. All ambrosia beetles feed on several species of fungus that are 
carried into feeding galleries by the beetles themselves (Shore 1985). 
All the reasons stated above for a physical association are beneficial to the insect in 
some way. It is also possible that the presence of the insect enhances the growth and survival 
of the rust. Another general defence response of pine species to rust canker is the formation of 
several layers of regenerative parenchyma and necrophylactic (dead) periderm around the 
infected area, and increased lignification (Woodward 1992). Due to the fact that excessive 
pitch moth feeding activity probably decreases the overall vigour of the tree, this will make 
the tree less able to devote energy to defence mechanisms to stop the growth of the canker. 
The increased production of traumatic resin ducts and monoterpenes in lodgepole pines is also 
energy demanding and inversely related to the vigour of the tree (Raffa and Berryman 1982). 
There may also be a direct physical benefit to rusts from pitch moth attack, as tunnels in 
phloem created by insect larval feeding may make growth of fungal hyphae easier by 
preventing the development of woody scar tissue at the feeding site. 
Rust infection may cause a stress response in the tree. Wood that is stressed is known 
to release various compounds, including ethanol (Moeck 1970, Montgomery and Wargo 1983, 
Dunn and Potter 1991 ). This response has been observed in numerous conifers, including 
Pinus spp. (Moeck 1970). Ethanol is attractive to various species of wood-boring beetles 
including scolytids, clerids , and cerambycids (Montgomery and Wargo 1983, Dunn and Potter 
1991). It is possible that the tree releases ethanol at the site of the rust canker infection, which 
in turn attracts pitch moths to the site. In 1992 trees in two of the seed orchards that were 
54 
injected with a solution of gibberellic acid in 95 percent ethanol were subsequently attacked 
by pitch moths (C. Fleetham pers. comm. , Station Manager, PGTIS). These attacks may have 
been due to the ethanol, stress induced compounds resulting from the growth hormone, or 
resin volatiles resulting from the wounds. 
Genetic resistance of forest trees to various insects has been reported , such as 
resistance of Sitka spruce to white pine weevil (Wu et al. 1996). In the PGTIS provenance 
trial, a correlation has been found between resistance to stalactiform blister rust and pitch 
moths that was related to heritability to these traits within provenance (Wu et al. 1996). 
However, these correlations could also be due to behavioural or, more probably, 
environmental factors. The majority of the provenances are from outside the local planning 
zone, and trees that are planted offsite may be under strong temperature and water stress, 
which could make them much more susceptible to attack by insects and disease. 
While surveying the surrounding pine orchards in 1996 (Chapter 2 p. 22), I did not 
observe any stalactiform blister rust cankers, probably due at least in part to the lack of 
secondary host in the mowed habitat. The rate of attack by western pine moth in these 
orchards is also much less than that in the provenance trial and is further evidence for an 
association between the two. Douglas-fir pitch moth , however, is relatively abundant in the 
orchards, as is western gall rust, which requires no secondary host, although there was limited 
physical association observed between the two. 
Associations between pathogens and insects can range from highly evolved, as in the 
case of elm bark beetle and Dutch elm disease, to casual assoc iations. In the case of stem rusts 
and pitch moths , the latter seems most likely, because all species of rust and insect present in 
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the provenance trial have been observed to exist quite vigorously independent of one another. 
The results from this study show that pitch moth and stem rust at the lodgepole pine 
provenance trial are associated with each other to some degree, but the nature of that 
association is not known . Further studies concerning insect attraction to host volatiles, and 
larval development and fecundity in trees with and without rust cankers are recommended to 
clarify this association. I would also recommend additional studies on the physiological 
reaction of lodgepole pine trees to pitch moth and stem cankers, both locally on the wound 
and generally on the tree. A limitation of the survey in this study is that the insect pitch masses 
are only visually identified, and, although it is normally obvious which insect caused the pitch 
mass, a small margin of error in accuracy of identificati on is expected. To eliminate this error, 
a survey could be done for active pitch masses only, where positive identification could be 
made either by digging out the larvae or trapping them in emergence cages. In thi s case, 
whether the pitch mass is directly on top of the rust canker could also be recorded . Once more 
is known about the behavior and physiology of all species found in these complexes, the 
nature of the associations can be determined. 
The strong association between stem rust and pitch moth in the provenance trial shows 
that managing the seed orchards so as to minimize the presence of disease is important in 
controlling pitch moth populations. Frequent mowing and herbicide application, and pruning 
of branches infected with western gall rust both minimi ze the potential for rust infection and 
subseq uent pitch moth attack in the orchards. These practices are currently being carried out 
in the seed orchards at the PGTIS, and findings from my study support their continuation. 
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Chapter 4: Tree Susceptibility to Synanthedon novaroensis 
Introduction 
Host-plant resistance to herbivores is a subject that has been studied in detail over the 
last century. Karban ( 1992) provides three requirements for variation in tree susceptibility to 
insect herbivores: ( 1) there is intraspecific variation in the host species with respect to 
characteristics that affect herbivores, (2) some herbivores will then be better at exploiting 
some host plants than others, and (3) these different levels of exploitation result in different 
insect population dynamics on different hosts. Lodgepole pine shows significant intraspecific, 
geographic variation in phenotypic expression of characteristics such as growth rate and 
freez ing injury (Morgenstern 1996). This is caused by a combination of tree genotype and 
environmental factors (Morgenstern 1996). 
Clonal variation in susceptibility of trees to phytophagous insects has been previously 
demonstrated. A slash pine (Pinus elliottii Engelm.) seed orchard showed very strong clonal 
susceptibility to branch and stem feeding beetles in the genus Ips and Pityophthorus (Dixon 
1983); a loblolly pine seed orchard exhibited clonal variation to several coneworms 
(Dioryctria spp.) (Askew et al. 1985). Zimmerman pine moth (Dioryctria zinunermani Grote) 
feeds on phloem tissue in a similar fashion to D. cambiicola, and resistance to this insect 
varies genetically in Scotch pine (Pinus sylvestris L.) (Wright et al. 1975). 
Besides tree genotype (clone), other measurable tree attributes may contribute to 
intraspecific variation in attack density, and could be responsible for tree resistance to 
herbivores . These include tree factors, such as size and vigour, and biotic factors, such as 
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presence of previous insect attack. Many herbivorous insects attack only trees of a certain size 
class, as they provide the optimum habitat for development. Douglas-fir pitch moths attack 
trees that are at least 10 years old with greater frequency, and large-diameter trees are more 
frequently attacked than small-diameter trees (Brunner 19 15, Johnson 1993). Different levels 
of tree vigour may also cause different levels of attack; Douglas-fir pitch moths are primary 
insects (they attack live trees), and prefer vigorous hosts over non-vigorous ones (Brunner 
1915, Johnson 1993). Sequoia pitch moth and Douglas-fir pitch moth both target previous 
sesiid wounds for re-attack (Brunner 1915, Powers and Sundahl 1973). This may cause some 
trees to be highly susceptible to attack, simply because they have been attacked in the past. 
In four lodgepole pine seed orchards at the PGTlS , I observed some intraspecific 
variation in attack density of the Douglas-fir pitch moth. While it is possible that differences 
in tree clone, size, vigour, or level of previous attack explain this apparent variation, 
unmeasured factors caused by spatial patterns may also contribute to the observed differences 
in attack levels. These unmeasured variables may include prevailing winds or insect-dispersal 
patterns . It is also possible that potential spatial attack patterns are influenced by the locat ion 
of certain clones in the orchards. However, any differences in pitch moth attack levels that are 
caused by variables such as clone, tree size, vigour, or unmeasured spatial variables are 
probably not occurring in an ecologically independent manner. Therefore, it would be 
preferable to examine possible causes for this variation in such a way that these measured 
differences can be tested simultaneously, while taking into account unquantified spatial 
patterns. 
The nature of the study site allows for analysis of spatial patterns and trends in genetic 
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differences. The trees are planted in regularly spaced rows and columns, making it easy to 
calculate distances between them . Individual clones are replicated and planted throughout 
each orchard. Several attributes of the seed orchards at the PGTIS make them suitable for 
examining factors affecting the wide range of pitch moth attack levels, including the presence 
of known genetic differences and the known location of each tree relative to all the other trees. 
In this chapter, my objective is to determine the causes of variation in Douglas-fir pitch moth 
damage to lodgepole pine orchards at the PGTIS , including clonal susceptibility, tree size, 
vigour, presence of previous pitch moth attack, and tree location effects. 
Methods 
Damage Survey 
There are four lodgepole pine seed orchards that are infested with pitch moth at the 
PGTIS (Chapter 1 pp. 8-1 0). I visually surveyed all four orchards for old and fresh Douglas-fir 
pitch moth attack during July and August of 1996 (Chapter 2 p. 22). I also measured and 
recorded tree-clone number and diameter at breast height (DBH), and assessed the vigour of 
each tree. Trees were assigned to the following classes based on subjective observations only: 
1 =dead, 2=needles sparse and highly chlorotic, 3=moderate chlorosis of the needles, 
4=needles abundant, some chlorosis, S=needles abundant, no chlorosis. These assessments 




A statistical technique has been developed where the spatial effects are used as a 
predictor variable for attack levels along with the other measured covariates in a regression 
model (Preisler et al. 1997). This can be done using the S-PLUS statistical package (Statistical 
Sciences 1993), and has been previously used to determine the number of twig beetle attacks 
per tree in a Douglas-fir seed orchard by the Dougl as-fir twig beetle, Pityophthorus orarius 
(Preisler et al. 1997). This method is useful for the analysis of entomological data in seed 
orchards because there is often a variation in spatial patterns of insect attack due to factors 
other than measured variables. 
I performed all analyses for each orchard using the S-PLUS statistical package, in 
consultation with Dr. Haiganoush Prei sler (Research Statistician, USDA Forest Service, 
Albany, California). For the purpose of these analyses , I classified attack level s of trees using 
a binary variable, that is, whether a tree was attacked or not. This was done because numbers 
of attacks may be highly dependent on presence or absence of previous pitch moth attack, a 
variable not tested in this part of the analysis. I used a generalized additive model to 
characterize effects of the multiple covariates on the bin ary, dependant variable (attack status 
of trees). The probability of a tree being attacked was modelled by: 
Pr [tree is attacked] = eJ.. 11 +eJ.. 
where A= a+ vigour+ clone+ j 1(DBH) + fz(x,y) [1] 
In [1 ], the additive regression equation, A is the logit response variable, a is the 
intercept parameter, vigour and clone are categorical vari ables, j 1(DBH) and fz(x,y) are 
continuous variables, and x, y are location coordinates of trees (Prei sler et al. 1997). The 
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effects of location on pitch moth attack are described by estimating a smooth surface, where 
the functions f/) ... f/) are nonparametric smoothing functions. All variables on the right side 
of equation [1], including the nonparametric functions, are estimated from the data using 
generalized additive model techniques (Hastie 1992, Preisler et al. 1997). 
I then used a likelihood-ratio test to test the significance of each factor in the model in 
the presence of all other variables (Rao 1973). I tested the significance of each removed 
covariate using an analysis of deviance, where the deviance is twice the log-likelihood ratio 
statistic. Analysis of deviance is a generalization of analysis of variance where the former tests 
significance of terms using the difference in the deviances between two models, and the latter 
uses the difference in their residual sums of squares (Preisler et al. 1997). The differences in 
deviances and degrees of freedom between the saturated model (where the predicted value of 
each observation is the observed response) and the test model (model with one removed 
covariate) were used to calculate a test statistic for each covariate. This test statistic was then 
compared to a corresponding value from a Chi-square distribution. If significant differences 
were found (P < 0.05), I considered the covariate that was removed in the second, fitted model 
to be contributing to the likelihood of any given tree in the orchard being attacked by pitch 
moth. 
I then performed a second analysis to detect if previous attack by pitch moth 
significantly affected the probability of fresh attack on that tree in the presence of all the 
above-mentioned variables . This analysis was carried out as above except the binary 
categories in the response variable were presence or absence of fresh pitch moth attack only. 
The presence or absence of old pitch moth attack was used as an independent, categorical 
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variable (with two categories) in the model as follows: 
A.= a+ old attack+ vigour+ clone+ f 1(DBH) + f 2(x,y) [2] 
where all other parameters are defined as in the previous analysis. The log-likelihood and 
analysis of deviance tests were performed using equation [2] as previously described for all 
four orchards. 
Results 
In all four orchards, clone had a significant effect on the probability of any tree in the 
orchard being attacked by pitch moth in the presence of all other variables (P < 0.001, Tables 
4.1-4.4). Normal probability plots of the estimated clone effect for each clone number 
revealed different patterns in the orchards. In orchards #201 and #202, the estimated clone 
effects appeared to be normally distributed with the exception of several possible outliers, 
which are determined by a visualization of the estimated clone effects (Figs. 4.1 and 4.2). In 
orchard #201, outlying clones 107 and 113 had low estimated clone effects (clone number had 
a negative effect on the probability of a tree being attacked), making them "resistant" clones , 
as with clones 174, 188, I 93, and 195 in orchard #202. In orchard #204, outlying clone 474 
had high estimated clone effects (clone had a positive effect on the probability of a tree being 
attacked), making it a "susceptible" clone. The normal probability plots of orchards #203 and 
#204 both had a different pattern from the other two orchards, in that there were two distinct 
groups of attacks levels (Figs. 4.3 and 4.4). 
DBH contributed significantly to the probability of a tree being attacked by pitch moth 
in orchards #20 1, #203, and #204 (P < 0.001 ), but not in orchard #202 (P > 0.5, Tables 4.1-
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Table 4.1 An alysi s of deviance table for testing the significance of location plus other 
measured variables on probabi lity of pitch moth attack in Omineca-Pinchi #201 
orchard, PGTIS , Prince George, B.C. , 1996. M refers to the saturated fitted model , and 
M 1 refers to the fitted test models. 
Model Model Test Chi-square 
Probability 
Deviance d.f. Deviancea d.f.b 
Part A 
M: all variables 897.2 946.2 
M1: all variables except : 
spatial 915 .7 954.0 18.5 7.8 0.016 
clone 1085 .9 980.2 188.8 34.0 < 0.001 
DBH 997 .7 947.2 100.5 1.0 < 0.001 
vigour 903 .2 952.2 6.1 6.0 0.420 
Part B 
M: all variables 348.8 945.0 
M 1: all variables except old 356.1 946.0 7.3 1.0 0.007 
Part A: All variables include spatial, clone, DBH, and vigour 
Part B: All variables include the same as part A plus old attacks 
a: Test deviance= Dev. Ml - Dev. M 
b: Test df = df M 1 - df M 
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Table 4.2 Analysis of deviance table for testing the significance of location plus other 
measured variables on probability of pitch moth attack in Omineca-Pinchi #202 
orchard, PGTIS, Prince George, B.C., 1996. M refers to the saturated fitted model , and 
Ml refers to the fitted test models. 
Model Model Test Chi-square 
Probability 
Deviance d.f. Deviancea d.f.b 
Part A 
M: all variables 316.8 318.2 
Ml: all variables except : 
spatial 329.9 326.0 13.1 7.8 0.098 
clone 392.4 345.2 75 .6 26.9 < 0.001 
DBH 316.9 319.2 0.1 1.0 0.790 
vigour 321.7 324.2 4.9 6.0 0.560 
Part B 
M: all variables 16.4 317.1 
Ml: all variables except old 17.0 318.1 0.6 1.0 0.461 
Part A: All variables include spatial , clone, DBH, and vi gour 
Part B: All variables include the same as part A plus old attacks 
a: Test deviance= Dev. Ml - Dev. M 
b: Test df= dfM1- dfM 
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Table 4.3 Analysis of deviance table for testing the sign ificance of location plus other 
measured variables on probability of pitch moth attack in Willow-Bowron #203 
orchard, PGTIS, Prince George, B.C., 1996. M refers to the saturated fitted model , and 
M1 refers to the fitted test models. 
Model Model Test Chi-square 
Probability 
Deviance d.f. Deviance" d.f.b 
Part A 
M: all variables 522.7 678 .2 
Ml: all variables except: 
spatial 546.4 686.0 23.7 7.9 0.002 
clone 694.0 785.2 171.3 107.0 < 0.001 
DBH 558.2 679 .2 35.5 1.0 < 0.001 
v1gour 526.3 686.1 3.6 8.0 0.889 
Part B 
M : all variables 170.4 677.1 
M1: all variables except old 177.8 678.1 7.5 1.0 0.007 
Part A: All variables include spatial , clone, DBH, and vigour 
Part B: All variables include the same as part A plus old attacks 
a: Test deviance= Dev. M I - Dev. M 
b: Test df = df M I - df M 
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Table 4.4 Analysis of deviance table for testing the significance of location plus other 
measured variables on probability of pitch moth attack in Smithers #204 orchard, 
PGTIS , Prince George, B.C. , 1996. M refers to the saturated fitted model , and Ml 
refers to the fitted test model s. 
Model Model Test 
Deviance d.f. Deviancea d.f.b 
Part A 
M : all variables 523.7 852.3 
M 1: all variables except : 
spatial 551.8 860.0 28.1 7.7 < 0.001 
clone 711.8 981.3 ] 88.0 129.0 < 0.001 
DBH 575.8 853 .3 52.0 1.0 < 0.001 
v1gour 530. 2 858.3 6.5 6.0 0.371 
Part B 
M: all variables 157.9 851.4 
M 1: all variables except old 158.9 852.4 0.9 1.0 0 .329 
Part A: All variables include spatial, clone, DBH, and vigour 
Part B: All variables include the same as part A plus old attacks 
a: Test deviance= Dev . Ml - Dev. M 
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Figure 4.1 Normal probability plot of the estimated clone effects on the probability of pitch 
moth attack in the Omineca-Pinchi #201 seed orchard, PGTIS , Prince George, B .C. , 
1996. Each dot represents one clone; the first two dots from the left are "resistant" 
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Figure 4.2 Normal probability plot of the estimated clone effects on the probability of pitch 
moth attack in the Omineca-Pinchi #202 seed orchard, PGTIS , Prince George, B.C. , 
1996. Each dot represents one clone; the first four dots from the left are " resistant" 
clones 174, 195, 188, and 193, respectively. 
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Figure 4.3 Normal probability plot of the estimated clone effects on the probability of pitch 
moth attack in the Willow-Bowron #203 seed orchard , PGTIS , Prince George, B.C. , 
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Figure 4.4 Normal probability plot of the estimated clone effects on the probability of pitch 
moth attack in the Smithers #204 seed orchard, PGTIS, Prince George, B.C. , 1996. 
Each dot represents one clone. 
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4.4). The data indicated that an increase in DBH increased the probability of pitch moth 
attack. In the three orchards in which DBH was significant, seven percent of all trees with a 
DBH of less than 6.0 em were attacked by pitch moth , compared to 26 percent of trees with a 
DBH larger than 6.0 em. Vigour was not significant in any of the orchards (P > 0.1, Tables 
4. 1-4.4 ). 
Tree location contributed significantly to the probability of a tree being attacked in 
orchards #201, #203, and #204 (P < 0.05), but not in orchard #202 (P > 0.05, Tables 4.1-4.4). 
However, the nature of these location effects is not known , and examination of stem maps 
illustrating location of trees with pitch moth attack did not indicate any obvious trends (Figs. 
4.5-4.7). 
The presence of previous pitch moth attack had a significant effect on the probability 
of any tree in the orchard being attacked in orchards #201 and #203 (P < 0.01), but not in 
orchards #202 and #204 (P > 0.1, Tables 4.1-4.4). The data indicated that the probability of a 
tree being attacked by pitch moth increased with the presence of previous attack. In orchards 
#201 and #203, of the trees previously attacked by pitch moth, 12.7 and 14.3 %, respectively, 
had fresh pitch moth attack, and of the trees with no previous attack, 3.3 and 3.0% had fresh 
pitch moth attack, respectively. 
Discussion 
The above results show that some trees in the orchard are preferentially attacked by 
Douglas-fir pitch moth , because of size, genotype, location in the orchard, and presence of 
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Figure 4.5 Stem map illustrating the distribution of trees attacked and not attacked by the 
Douglas-fi r pitch moth in the Omineca-Pinchi #20 1 seed orchard, PGTIS , Prince 
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Figure 4.6 Stem map illustrating the distribution of trees attacked and not attacked by the 
Douglas-fir pitch moth in the Willow-Bowron #203 seed orchard, PGTIS , Prince 
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Figure 4.7 Stem map illustrating the distribution of trees attacked and not attacked by the 
Douglas-fir pitch moth in the Smithers #204 seed orchard, PGTIS, Prince George, 
B.C. , 1996. Gaps indicate missing trees . 
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place. Oviposition in host seeking female moths is triggered by a combination of visual 
chemical, and mechanical cues. Visual cues are pre-alighting, and chemical and mechanical 
cues are post-alighting (Renwick and Chew 1994). The Douglas-fir pitch moth probably uses 
a combination of all three cues. Although all variables tested in this study are interrelated to 
some degree, they are first discussed here separately, in order to highlight their distinguishing 
attributes. 
In the three orchards in which DBH significantl y affected the likelihood of pitch moth 
attack, there were two distinct categories of tree size, related to year of planting. Younger trees 
were not usuall y attacked by Douglas-fir pitch moth, which resulted in DBH being highl y 
significant. In orchard #202, lack of significant differences presumably resulted from almost 
all trees having the same propagation date. In Washington State, female Douglas-fir pitch 
moths consistently chose large-diameter trees on which to oviposit (Johnson 1993). Trees are 
not normally attacked by this insect until they are ten years of age (Brunner 1915), at which 
point they have a DBH of approx imatel y six em in the PGTIS lodgepole pine seed orchards. 
Trees of smaller diameter may have insufficient phloem for larvae to reach maturity, or small 
trees could be girdled and killed by developing larvae before the insect is able to complete its 
life cycle. The chemical composition of lodgepole pine stems varies with diameter class, 
indicating the cue for ovipositing Douglas-fir pitch moths may be olfactory or visual (Kim et 
al. 1989). 
Tree size, although highly related to age, is also dependent on tree vigour: some trees 
may be smaller than other, equal-aged trees due to lower vigour and therefore slower growth. 
Douglas-fir pitch moths prefer vigorous trees (Brunner 1915, Johnson 1993), thus , they may 
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also prefer larger trees. Trees of higher vigour are usu all y larger, and have more energy to 
devote to defence mechanisms (Amman 1 989) , which may result in a higher rate of resin 
exudation when attacked by pitch moths. Bark beetles, which also live in tree phloem, usually 
colonize less vigourous trees (Amman 1989). However, most bark beetles are killed by 
excessive amounts of pitch, whereas pitch moths live in the midst of pitch and utilize it as a 
protective microhabitat, indicating that they appear to find it not only non-toxic , but necessary 
for completion of their developmenL. Therefore, a higher amount of resin exudation may 
actually benefit pitch moths (Chapter 5). 
In this study, vigour did not significantly affect the probability of a tree being attacked 
by pitch moth. These results may not reflect the actual situation in the orchards for two 
reasons. First, vigour assessments were subjective estimates only, based on superfi cial, 
unmeasured tree characteristics. Second, many trees had numerous old pitch moth attacks at 
the time of the survey, and it was impossible to estimate their pre-attack vigour. Attack by 
pitch moths may decrease tree vigour over time, which would significantly affect survey 
results . 
Clonal effect was significant. Either genetic makeup of certain "susceptible" c lones 
underlies a phenotypic attractiveness, or the "resi stant" c lones are phenotypically repellant, or 
a combination of both. Although several clones in orchards #201, #202, and #204 were 
outliers (Figs. 4.1, 4.2, and 4.4 ), clone numbers 107 and 4 7 4 had only one ramet (tree), and 
clone 188 had only three ramets, making it impossible to draw conclusions from these results . 
However, the other four outlier clones had 8, 15 , I 8, and 25 ramets per clone, which was a 
large enough sample size to conclude their extreme attack levels are not occurring by chance . 
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In orchards #203 and #204 normal probability plots divided all clones into two groups (Figs. 
4.3 and 4.4). None of the more "resistant" group of clones, that is, the ones with lower 
estimated clone effects, had any attacks, and the more "susceptible" group of clones all had at 
least one attacked tree. These patterns make the normal probability plots difficult to interpret, 
because, although the di stributi on of c lone effects on trees does not appear normal, there are 
no di stinct outliers either. This lack of distinct results may be in part due to the low number of 
ramets per clone in these orchards. Both orchards #203 and #204 usually have 6-10 ramets per 
clone, whereas orchard #202 usually has 15-20 ramets per clone, and orchard #201 35-40 
ramets per clone. 
The causes for thi s apparent res istance/susceptib ility are not known, but di ffe rences in 
resin volatiles, which would affect the chemosensory response of the female may be one of the 
factors . Resin, always present in live conifers, contains varying amounts of volatile 
monoterpenes. Numerous studies on different insects have shown that often, it is a specific 
ratio of general plant constitutive compounds that insects find attractive, rather than 
compounds specific to a certain plant (Vi sser 1986). Attac ks on maritime pine in France by 
the pitch moth Dioryctria sylvestrella Ratz. were found to correl ate to distinct ratios of 
monoterpenes in tree resin (Jactel et al. 1996, Jactel and Kleinhentz in press) . Tree genotype 
may be responsible for these differences, as genetic differences in chemical composition have 
been found in other species of Pinus (Wright et al. 1975). 
Other c lonal tree attributes th at affect pitch moth attack may include tree s ize and 
vigour, as discussed above, and bark texture. Brunner ( 19 15), states that often female 
Douglas-fir pitch moths oviposit on perfectly smooth spots, although wound edges are also 
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frequently chosen (Brunner 1915, Johnson 1993, Duncan 1996). Therefore, the female moths 
may have mechanoreceptors to detect varying bark textures, and choose oviposition sites 
accordi ngly. 
Presence of prev ious pitch moth attack significantly affected the probability of repeat 
attack in two of the four orchards. Orchard #202, in which previous attack was not significant, 
had only six fresh attacks in 1996, which probably contributed to this result. The significant 
results are consistent with previous findings with Douglas-fir pitch moth (Brunner 1915), and 
wi th a congeneric sesiid, the sequoi a pitch moth (Synanthedon sequoiae), which was fo und to 
attack the same tree several times over successive generations (Powers and Sundahl 1973). 
Theoretically, this may be due to the female Douglas-fir pitch moths adapting through 
evolution to oviposit on a host she knows is suitable. If a tree has been shown to be a suitable 
host in the past, i .e., has been attacked by pitch moth , the female may choose to utilize it 
again. This may also lead to moths ovipos iting on the same tree from which they emerged, 
even though they are capab le of flying much greater distances (N ielsen 1978). This lack of 
longer-range dispersal may also be due to "laziness" of the female, where she simply oviposits 
on the nearest available host to conserve energy, regardless of suitability. In the case of the 
Douglas-fir pitch moth, even several attacks on a tree more than 10 years old will rarely result 
in its death , so it is probably not a competitive disadvantage for several larvae to share a host. 
Ovipositing female Douglas-fir pitch moths are attracted to o leores in present on host 
trees (Johnson 1993). If a tree has a current infestation of pitch moth , exuded pitch 
accumulated at the spot of larval feeding will serve as an attractant to the female moth. It is 
possible that there is a qualitative change in resin composition when a pitch moth has attacked 
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a tree , because this wounding stimulates the formation of secondary resin (Christiansen 1989). 
This resin is usually higher in monoterpenes than the primary resin that is present in the 
phloem resin ducts (Raffa and Berryman 1982, Woodward 1992). 
Causes for the unmeasured variation in spatial distribution of attacks are not known. In 
this analysis, the effects of location on pitch moth attack were described by estimating a 
smooth surface of attacks, which does not resolve between-tree differences, and therefore only 
depicts broad spatial trends . The apparent location effects may be a result of moth dispersal 
and oviposition habits, the location of an initial pitch moth infestation, or changes in 
microclimate within the orchard. 
When ovipositing insects search for potential hosts , their movement patterns change 
depending on their surrounding environment. Often , when in a patch of suitable host material, 
intensity of search behaviours will increase. This may include an increased rate of turning, or 
a decreased length of movement between hosts (Stanton 1983, Bell 1990). These altered 
behaviours may cause females to oviposit in a more concentrated area once they have 
encountered a suitable host, causing an uneven distribution of attacks. 
Host-selection behaviour of Douglas-fir pitch moths probably integrates all of the 
above variables, which are interdependent. Tree size is somewhat dependent on vigour, and 
qualitative and quantitative variations in tree resin is dependent on both these variables. In 
turn, size, vigour, and resin all contribute to clonal differences. 
In some species, host selection is done by female moths; they may be attracted to or 
repelled by a tree at long range, short range, or on the tree surface. In other cases, host 
selection is done by larvae, which would accept or reject hosts of varying suitab ility . For 
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example, females of many outbreak species of moths do not oviposit on host plants , 
necessitating larval dispersal to suitable hosts. The life stage at which the Douglas-fir pitch 
moth makes this selection is not known, but the biology of the insect indicates that it is most 
likely done by the female moth . Each female moth lays a maximum of approximately 40 eggs; 
and because larvae cannot live for very long on the surface of the bark they burrow into the 
phloem almost immediately after hatching (Brunner 1915). Therefore, once an egg is laid on a 
host, larvae are unable to move to another host, making it an evolutionary advantage for the 
female to spend the necessary energy seeking out an optimum host for larval development. If 
not, she risks laying all her eggs on non-suitable hosts . 
Studies with herbivorous insects , however, have shown that females often do not 
choose their host trees well , that is, they often oviposit on plants that are unsuitable for larval 
development (Courtney and Kibota 1989, Thomson and Pellmyr 1991). This may be because 
there are numerous factors involved in host selection, including not only the external factors 
already discussed but also internal factors that depend on the physiological needs of the insect 
(Bell 1990). These factors, which consist of conditions such as an excessive egg load or 
exhaustion, may cause a female moth to oviposit on a sub-optimum, or entirely unsuitable 
host (Courtney and Kibota 1989). Other possible reasons for "poor" host selection may be that 
the female is unable to distinguish between suitable and unsuitable hosts; insufficient time has 
elapsed, or genetic variation is not high enough to allow for natural selection to eliminate poor 
host use; or the insects are present in a habitat where optimal hosts do not occur (Courtney 
and Kibota 1989). 
Results obtained in this study indicate that host preferences are present. Although the 
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normal probability plots illustrate only four possible outlier clones, the results of the 
regression analyses show that in all orchards some clones were significantly more attacked 
than others solely due to their genotype. These clones that are on the ex treme ends of the 
resistant/susceptibility scale may also be worth examining for possible reasons fo r these 
findings. Reasons may include characteristics of host resin quantity and quality (Chapter 5). 
Variation in host resins of different tree sizes, and attacked and non-attacked trees should also 
be examined. Factors involved in the process of female host selection are numerous, and a far 
greater knowledge of the behaviour of the insect is needed before conclusions can be drawn 
about what is driving thi s process. Experiments testing physiological reactions of female 
moths to pitch volatiles of trees of varying susceptibility may serve to initiate this knowledge. 
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Chapter 5: Lodgepole Pine Resin Flow in Response to Wounding of Clones Resistant 
and Susceptible to Douglas-fir Pitch Moth Attack. 
Introduction 
An important defence mechanism of conifers against the majority of wood- and 
phloem-feeding insects is the secretion of resinous materials (Christiansen 1989). In pines , 
this secretion consists of primary resinosis, where resin exudes from existing, severed resin 
canals , and secondary or induced resinosis , where, in reaction to injury, resin is produced in 
living parenchyma cells of the phloem and sapwood (Reid et al. 1967). Both primary and 
secondary resinosis have been strongly associated with lodgepole pine defence mechanisms 
against the phloem-feeding bark beetle, mountain pine beetle (Dendroctonus ponderosae 
Hopkins) (Reid et al. 1967, Raffa and Berryman 1982). 
Oleoresins are compounds composed of resin acids dissolved in a terpene hydrocarbon 
oi l (Barbosa and Wagner 1989). Pinus spp. have preformed vertical and horizontal resin ducts 
in the needles, shoots, buds, and stem. In Pinus spp., oleoresin flow has been correlated with 
oleoresin exudation pressure (the force with which resin is expelled into the resin ducts from 
damaged conifer tissues), and with the size and number of resin ducts and viscosity of resin 
(Yite 1961 , Hodges and Lorio 1971). There is evidence that resin-canal frequency in 
lodgepole pine is under genetic control , indicating that resin flow may be consistent within 
clones (White and Nilsson 1984). 
The biology of the Douglas-fir pitch moth requires that it utilize tree resin as a 
protective habitat. Therefore, the amount of oleoresin flow from trees may be highly relevant 
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to their suitability for pitch moth attack and/or larval development. In the PGTIS, resin flow 
may result from feeding by moth larvae, other wounds on the tree caused by stem rust 
(Chapter 3) or orchard management practices. 
In four lodgepole pine seed orchards in the PGTIS, tree genotype significantly affected 
the probability of a tree being attacked by Douglas-fir pitch moth (Chapter 4 p. 63). Some 
trees in the orchards also appeared to ex ude more resin after wounding than others . Most of 
the trees in orchard #201 were topped in 1994, and this often resulted in copious amounts of 
pitch running down the tree stems. However, some topped trees had very little resin flow 
resulting from the topping, indicating a large variation in resin flow among trees. Thi s 
apparent variation, the important role resin plays in the life cycle of the Douglas -fir pitch 
moth , and clonal susceptibility of trees to pitch moth led me to test the following null 
hypotheses: resin flow does not vary (1) between categories of clones that are resistant and 
susceptible to Douglas-fir pitch moth, and (2) between individual clones. 
Methods 
Tree Selection 
The PGTIS contains four lodgepole pine seed orchards that are infested with Douglas-
fir pitch moth (Fig. 1.2). Trees were only sampled in one of these four orchards so as to keep 
environmental factors as consistent as possible within the experiment. I chose the Omineca-
Pinchi #201 orchard for sampling, because this orchard has the hi ghest level s of pitch moth 
attack. Clones were selected for sampling based on their relative susceptibilities to pitch moth 
attack as determined in the regression analysis (Chapter 4 p. 63) . Two categories of clones of 
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relative clonal susceptibility to pitch moth attack were established, which were "resistant" and 
"susceptible". Three clones from the susceptible category and three clones from the resistant 
category were chosen for sampling. My other selection criterion was that each clone contained 
a minimum of 20 ramets that were propagated in 1972. I sampled resistant clones 130, 133, 
and 140, and susceptible clones 103, 105, and 200. In each clone, 20 trees were randomly 
selected for sampling, and three samples were taken from each tree, for a total of 360 samples 
from 120 trees. Therefore, each category was replicated three times by way of clone, and each 
clone was replicated 20 times by way of tree. 
Resin Flow Collection 
I obtained the relative rate of resin flow by cutting a one-em diameter hole in the 
phloem with a bark punch (Arch Punch ®' C.S. Osborne and Co. , Harrison, N.J .) and hammer 
and measuring the accumulated resin flow over 24 hours from each wound in June, 1997 . 
Each hole was cut as deep as the phloem layer, which varied from two to five mm in thickness 
among trees. All wounds were made at approximately breast height, as this was a convenient 
height to sample from and is within the area of the tree normally attacked by Douglas-fir pitch 
moth. To ensure that the side of the tree sampled did not affect quantity of resin collected, I 
collected one sample from the north-facing side of the tree, one from the south-facing, and a 
third arbitrarily from either the east or west side. I co ll ected the ex uding resin for the 
subsequent 24 hours in devices fashioned from one-mm aluminum sheeting and 15-ml conical 
graduated polystyrene centrifuge tubes (Oxford labware, St. Louis, MO). The aluminum 
sheeting was cut into approximately four- by four-em square sections, and the bottom half of 
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the sheet was bent into the shape of a funnel. First each funnel was stapled to the chosen spot 
on the tree. A hole was then created with the bark punch, immediately above each funnel, 
where the top two mm of each funnel were pushed into the hole to prevent resin from flowing 
between the tree bark and the underside of each funnel. A centrifuge tube was then placed at 
the bottom of each funnel so that the funnel was inside the tube, and attached with a piece of 
duct tape. 
After 24 hours, I collected the tubes and filled the tree wounds with grafting wax and 
painted them with a latex tree paint, which seals over wounds in tree bark. At this time, resin 
that had run down the outside of the centrifuge tubes or funnels was scraped off with a knife 
and placed inside the tube. I then quantified the volume of resin accumulated in each tube by 
measuring the volume water displaced by resin in each tube, and subtracting this from the 
total volume. This was done so that pitch sticking to the sides of the tubes would be accounted 
for. 
Analyses 
I performed a paired t-test on the data obtained from the samples taken on north and 
south-facing sides of the tree to determine if aspect was significantly affecting resin flow 
within a tree (Zar 1984). A separate test was performed for each clone, so that differences 
among clones did not affect the outcome of this test. 
For the subsequent analyses , an average of the three measu rements on each tree was 
used as the dependent variable, pitch, based on the ass umption that resin flow was not 
significantly affected by the side of tree that was sampled. These data were also subjected to a 
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logarithmic transformati on after Levene's test indi cated these data vi olated the ass umpti on of 
homogeneity of variances (SPSS Inc. 1996). 
To test the first null hypothesis of no variation between susceptibility categories, I 
performed a nested analysis of variance on all trees, where the clone number, which was a 
categorical variable with six levels, was nested within each susceptibility category, which was 
a categorical vari able with two level s. To test the second null hypothes is of no vari ation 
between clones, independent of tree category, I performed a one-way analysis of variance 
followed by a Tukey multiple comparisons test to detect clonal differences in pitch volumes in 
the absence of susceptible or resistant categories (Zar 1984 ). All statistical anal yses were 
performed using Systat® 7.0 for Windows® (SPSS Inc. 1996). 
Results 
The six paired t-tests indicated that there were no consistent patterns relating resin 
flow to tree aspect (Table 5.1 and Fig. 5.1 ). In clone 103, there was significantly more resin 
collected after 24 hours on the north-facing side than the south-facing side of the trees (P < 
0.05 ), and in clone 140, there was more on the south -fac ing side than the north-fac ing side, 
although these results were not quite significant (P = 0.07). In the four other c lones, there 
were no significant differences in the volume of resin collected in 24 hours between the north-
and south- facing aspects (P > 0.1) . Thus, resin measurements were averaged for each tree for 
the subsequent analyses. 
The results from the nested analys is of vari ance with logarithmic-transformed data 
indicated that when clones were nested within the two treatments, the amount of res in 
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Table 5.1 Results from the paired sample t test. P-values indicate levels of significance 
between volume of resin collected from north and south facing exposures on 119 
lodgepole pine trees in six clones in the Omineca-Pinchi #201 seed orchard, PGTIS , 
Prince George, B.C., June, 1997. 
Clone Mean Difference in Resin Volume (ml) P - value 
103 0.32 0.0014 
105 0.21 0.25 
200 0.19 0.54 
130 0.02 0.93 
/33 0.10 0.44 

























Figure 5.1 Average volume of resin per clone (ml ± SE), collected from the north and south 
facing sides of 119lodgepole pine trees in the Omineca-Pinchi #201 seed orchard, 
PGTIS , Prince George, B.C. , June, 1997. 
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collected in 24 hours was not significantly different among the six clones (P > 0.05). 
Collected resin volumes between the susceptible and resistant categories were also not 
significantly different (P > 0.1 ), and the mean volume collected from the susceptible and 
res istant trees was 0.57 ± 0.05 and 0.42 ± 0.03 , respec ti ve ly (Table 5.2 and Fig. 5.2) . The 
results from the one-way analysis of variance of clones in the absence of nesting in 
susceptibility categories indicated that there were significant differences between the clones 
(P < 0.05, Table 5.3 and Fig. 5.2). The Tukey multiple comparison test indicated that clone 
200 (a susceptible clone) exuded significantly more res in in a 24 hour period than clones 130 
and 140 (both resistant c lones) (P < 0.05). No other significant differences occurred between 
c lones . A scatter plot of average resin flow values fo r each tree indicated that a higher average 
resin flow in some clones is caused primarily by several trees with very high resin flow , 
relative to the average (Fig. 5.3). Therefore, category of susceptibility did not explain 
variation. Instead, there was significant variation in resin flow within and between categories 
such that one clone was greater than two others, indicat in g th at c lones cannot be c lass ifi ed as 
resistant or susceptible based on resin flow . 
Discussion 
Resin flow was apparently not affected by the side of the tree sampled (south vs. north 
facing). Although differences in resin flow between north and sou th sides were signifi cant in 
one of the s ix clones , and almost sign ificant in another, the fact that in each c lone the opposi te 
side had a higher amount of resin indicates that these differences are inconsistent and probably 
occurring by chance. In 30-year-old lodgepole pine trees (sample trees are approximately 27 
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Table 5.2 Results from nested analysis of variance on logarithmic-transformed data, where 
average resin volumes per tree were tested for differences between two categories of 
trees; susceptible and resistant, and among six categories of clones, nested in the two 
tree categories. Tree resin samples were taken from the Omineca-Pinchi #201 seed 






























































Figure 5.2 Average volume of resin per clone (ml ± SE), collected in 24 hours from three 
wounds per tree in 119 lodgepole pine trees in the Omineca-Pinchi #201 seed orchard, 
PGTIS, Prince George, B.C., June, 1997. Clone numbers 103, 105, and 200 are 
susceptible, and clone numbers 130, 1 33 , and 140 are resistant, based on data from 
Chapter 4. 
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Table 5.3 Results from one-way analysis of variance on logarithmic-transformed data, where 
average resin volumes per tree were tested for differences between six clones in the 
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Figure 5.3 Average volume of resin for each tree, collected in 24 hours from three wounds per 
tree in 119lodgepole pine trees in the Omineca-Pinchi #201 seed orchard, PGTIS, 
Prince George, B.C., June, 1997. Clone numbers 103, 105, and 200 are susceptible, 
and clone numbers 130, 133, and 140 are resistant, based on data from Chapter 4. 
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years old), vertical resin duct length varied from 1.2-12.0 em within a single tree, and average 
number of ducts per square em was 40.5 (Reid and Watson 1 966). Duct length varied with 
growth ring, but not with aspect (Reid and Watson 1966). This is consistent with findings in 
my study, where within-tree variation was likely the result of variation in the size of resin 
ducts that were severed and their density at the sample location, which is apparently 
independent of environmental factors that can vary with aspect, such as temperature. 
Although there was no overall difference in resin volume between trees in the 
susceptible and resistant categories, significant differences did occur between some of the 
clones (Tables 5.2 and 5.3). This indicates that there may be determined rates of resin flow 
unique to each clone. Needles of lodgepole pine trees from coastal Washington had significant 
differences in frequency of resin canals among clones, indicating the number of resin canals is 
under genetic control (White and Nilsson 1 984) . These genetic differences may also be 
present with respect to frequency of lodgepole pine stem res in canals. Along with resin canal 
frequency, other factors may cause variation in resin flow among clones and individual trees . 
These include oleoresin exudation pressure, resin viscosity and resin-crystallization rate. 
Oleoresin exudation pressure describes the force with which resin is expelled into 
resin ducts, and is related to the turgor pressure of the epithelial cells surrounding the resin 
ducts (Barbosa and Wagner 1989, Chri stiansen 1 989). This pressure is highly variable, as it is 
related to soil moisture levels and vapour pressure changes in the air, which change seasonally 
and diurnally (Barbosa and Wagner 1989). In a study of ponderosa pine (Pinus ponderosa 
Dougl.), oleoresin exudation pressure positively influenced oleoresin exudation flow (Vite 
1961 ). In another study on loblolly pine (Pinus taeda L. ), oleoresin flow was more strongly 
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related to the size and number of resin ducts and viscosity of resi n th an ex udation pressure 
(Hodges and Lorio 1971). Therefore, the influence of oleoresin exudation pressure appears to 
be species specific, and its effects on the resin flow of lodgepole pine are not known. 
Resin viscosity is dependant on the amount and chemical composition of turpentine in 
the resin , and is probably an important factor in resi n flow rate (Barbosa and Wagner 1989, 
Hodges and Lorio 1971 ). If a res in duct is severed , res in that is less viscous would have a 
higher rate of downward flow due to gravitational forces, and volume collected per hour 
would be greater. Crystallization rate of resin is also important, and I observed some variation 
in relative stages of crystallization among samples after 24 hours. Crystallization of resin is 
the process where resin acids precipitate out of the resin so lution , and is dependant on the total 
resin content and the proportion of resin acids in so lution (Barbosa and Wagner 1989). For 
most invading insects, rapid crystallization is benefici al , because it is physiologically easier 
for them to dispose of crystallized resin (Barbosa and Wagner 1989). In fact , some insects, 
such as pine shoot moth, (Rhyacionia buoliana Schiff.), white pine weevil (Pissodes strobi 
Peck) and white pine cone beetle (Conophthorus coniperda Schwarz) can chemically induce 
resin crystallization (Barbosa and Wagner 1989). Douglas-fir pitch moth , however, does not 
appear to induce crystallization, as trees continually produce resin at larval feed ing si tes 
throughout the life of the insect, and active pitch masses always contain flowing pitch. Degree 
of crystallization, and resin viscosity and exudation pressure all appear to vary considerably 
with environmental and tree physiological differences, and , although no direct evidence is 
present, these differences may be partially under genetic con trol. 
The results from this study indicate higher resin flow may contribute in part to an 
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increased susceptibility to pitch moth attack, or at least, high resin flow is probably not 
detrimental to pitch moth larvae. This is evidenced by the fact that of the three clones that 
were significantly different from each other in resin volume, the clone that exuded the higher 
amount of resin was in the susceptible category, and the two clones that exuded the lower 
amount of resin were in the resistant category. On the other hand, these findings were not 
consistent throughout each category, as the average resin volume from susceptible clone I 03 
was actually lower than that from resistant clone 133 (Fig. 5.2). Figure 5.3 illustrates that the 
observed differences in resin volumes among clones are caused by several "outlier" trees with 
very high resin flow. Host selection by female pitch moths occurs on individual trees, rather 
than on clones, and the majority of sample trees have relatively consistent resin flow volumes 
regardless of clone. Therefore, resin flow alone does not explain the presence of "susceptible" 
and "resistant" clones, which indicates that other factors are important. These may include 
unmeasured clonal-dependant factors such as qualitative differences in resin , or tree size or 
spatial factors (Chapter 4). 
Pitch moth biology indicates that higher amounts of resin may make trees more 
susceptible to insect attack. Douglas-fir pitch moths are emersed inside tree resin for the 
duration of their larval stage. When larvae feed, they remove the bark and phloem that would 
otherwise protect them, and thus require the presence of external pitch masses to avoid 
predation and parasitism. Trees with higher resin flow would provide a larger shelter for 
developing larvae. Excessive resin on a tree also contains volatile monoterpenes that may 
serve as an attractant to ovipositing moths. Cues that influence host selection "deci sions" by 
ovipositing females include chemical cues which stimulate the moths' olfactory sensors 
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(Renwick and Chew 1994). Trees may exude resin as a result of wounds from management 
techniques such as topping, pruning, and injury by orchard machinery; resin may also exude 
from bark cracks caused by frost or vigorous tree growth. This wounding on trees with higher 
resin exudation flow would result in the presence of a greater amount of pitch on tree bark 
than trees with a lower resin exudation flow, and may in turn attract ovipositing pitch moths . 
The inconsistent results from this study, however, do not fully explain the role that resin plays 
in tree susceptibility or resistance to Douglas-fir pitch moth. This may be due to the 
importance of other, unmeasured attributes of tree resi n, such as qualitative differences and 
the presence of primary and secondary resin. 
Qualitative as well as a quantitative attributes of resin probably contribute to tree 
attractiveness or larval suitability. Differences in relative amounts of monoterpenes in resin 
were found to correlate with Maritime pine susceptibility to the pitch moth Dioryctria 
sylvelstrella Ratz . (J actel eta/. 1996, Jactel and Kleinhentz in press). Some trees that contain 
compounds (or a certain ratio of compounds) that are toxic to pitch moth larvae may be 
resistant to attack regardless of resin quantity. Conversely, trees that have relatively low level s 
of pitch and contain compounds that are less toxic and/or attractive to pitch moth females, 
may be more susceptible to attack. Apparently, Douglas-fir pitch moth larvae are either 
tolerant to a certain level of some compounds in tree resin that are toxic to other phloem 
feeders, or they are able to chemically alter the composition of surrounding resin so its toxicity 
is decreased. This apparent capacity places them at a competitive advantage over other 
phloem feeders in vigourous, live trees with copious resi n flow because they are able to 
exploit a niche that most insects find toxic. However, it is probable that there are some 
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chemicals in pitch that pitch moth larvae cannot tolerate, which may explain why some trees 
are more attacked than others, despite the fact that all live trees exude at least some quantity of 
resin. 
Lodgepole pine reacts to invasion by insects and disease by two types of resinosis, 
primary and secondary. Primary resinosis is the exudation of pre-formed resin from ducts, and 
is an immediate and short-term defence reaction, as it ceases after several days when the resin 
crystallizes. Secondary resinosis is a slower, but longer-term response, and this " traumatic" 
resin has an increased level of monoterpenes and a conversion of monoterpenes to more toxic 
phenolics (Raffa and Berryman 1982). The precise time it takes for secondary resinosis to 
occur is unclear, but it appears that three to seven days is required in lodgepole pine (Reid et 
a!. 1967, Raffa and Berryman 1982). Therefore, resin present in Douglas-fir pitch masses, 
although composed of both primary and secondary resin, probably contains far more of the 
latter. This is the resin that is exuded throughout most pitch moth larval development, 
indicating secondary resinosis may be more important than primary resinosis with respect to 
insect resistance. In Washington State, Douglas-fir pitch moths were attracted to pruning 
wounds that exuded oleoresin (Johnson 1993). However, 73 percent of Douglas-fir pitch moth 
ovipositions occurred on trees that were pruned prior to the onset of insect flight, an additional 
22 percent occurred on trees that were pruned during the first four weeks of flight, and no 
ovipositions occurred during the bulk of the flight (Johnson 1993). Those findings indicate 
that secondary resin may be more attractive to ovipositing females than primary resin, because 
pruning wounds that exuded exclusively secondary resin several weeks after being pruned 
attracted many females, and trees that were recently pruned and exuded mainly primary resin 
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did not attract females. The method of collecting resin in my study measured the production of 
primary resin only, and did not measure any quantitative or qualitative aspects of secondary 
resinosis. Douglas-fir pitch moth attack is also associated with stem rust (Chapter 3 p. 49) 
which also causes the production of secondary resin. In fact, resin production may also 
partially explain the significance of other variables that are associated with increased levels of 
pitch moth attack, such as presence of previous attack and DBH (Chapter 4 ). Trees that pitch 
excessively after pitch moth attack may attract more pitch moths to their immediate vicinity 
and increase the effects of previous attack. Because lodgepole pine trees have a certain 
average number of resin canals per square em, trees with a larger DBH and therefore a larger 
surface area will have more resin canals and a higher resin production . Thus, resin production 
is probably a very important factor with respect to tree susceptibility to Douglas-fir pitch 
moth, and to better understand this process, other characteristics, such as quantitative and 
qualitative differences of primary and secondary resin , and resin viscosity and rate of 
crystallization should also be studied. 
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Conclusions 
The purpose of this study was to build the foundation for a pitch moth management 
program at the PGTIS , and results from various experiments have given rise to several 
potential methods, including cultural and pheromone-management techniques . The most 
important findings in the study that pertain to managemen t practices are: 
( I) Douglas-fir pitch moth is the prevalent pitch moth in the lodgepole pine seed orchards at 
the PGTIS , and is responsible for the majority of observed damage. 
(2) Tree susceptibility to Douglas-fir pitch moth has a genetic component, which may be 
partly due to tree resinosis in reaction to wounding from orchard management practices, 
disease, or previous pitch moth attack. 
(3) In the PGTIS , Douglas-fir pitch moth males are attracted to the synthetic sex pheromone 
(Z,Z)-3, 13-octadecadienyl acetate, and their flight period, although highly weather dependant, 
is approximately early June to mid-August. 
The knowledge that there is a genetic component to tree susceptibility could be 
utilized for subsequent planning of clonal composition of the orchards i.e., the planting of 
non-susceptible clones, and the roguing of susceptible clones. However, the ultimate goal of 
the PGTIS is to breed trees with a large seed yield that will produce progeny for reforestation 
plantations that have increased growth rates, improved wood-properties, and resistance to 
insects and disease. Douglas-fir pitch moth is primarily a pest of seed orchards, and is not 
normally economically important in plantations or natural stands. Specific clonal properties 
that are responsible for resistance to Douglas-fir pitch moth may be unrelated to those 
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desirable for tree improvement (eg., high seed yield) . Therefore, there may be a trade-off with 
respect to breeding trees for optimum growth and survival in a seed orchard, and performance 
of their progeny in a plantation. The decision about which properties are more important 
would be contingent on levels of pitch moth damage in the orchard, and whether they are 
consistently above threshold levels of tolerability. If mortality or severe weakening of seed 
orchard trees from pitch moth damage is high, a viable management option may include the 
selection of trees resistant to Douglas-fir pitch moth. 
If damage levels are not sufficiently high to justify altering the genetic composition of 
the orchard, other management techniques could be pursued. These may include pheromone 
disruption, mass trapping with pheromones, or physically digging larvae from active pitch 
masses. However, areas surrounding the seed orchards, particularly the provenance trial, also 
harbour pitch moths , which would necessitate the practising of pheromone-based management 
or larvae eradication in those areas as well, to prevent the buildup of pitch moth populations 
in non-managed areas and subsequent migration of moths to the seed orchards. 
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